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PREFACE. 


Is  preparing  this  vidunu-,  the  nmiu  piir|K)se  oi"  the  Authors  lias 
been  the  presentation  of  sneh  material  as  is  newssary  to  eonvey 
a  working  knowledge  of  Ophthalmology  t<)  stndents  and  prac- 
titioners. 

The  work  is  not  only  representative  of  extensive  research  into 
the  rich  litenitiire  upon  the  suhjeet,  but  is  expressive  of  tlie  result 
of  <-jireful  eliniciil  exj^jrience  that  has  extended  over  many  years 
of  active  pnictiec. 

The  Senior  Author  takes  this  opportunity  to  acknowledge  his 
indebtetlness  to  his  former  t<?aeliers,  Ferdinand  v.  Arlt,  Eduard  v. 
Jaeger,  and  Lndwig  Mauthner,  for  many  of  the  ideas  inculcated 
in  the  following  pages. 

Philapelphu,  July,  1893. 
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CHAPTER    I. 

EMBRYOLOGY. 

Scientific  observation  has  shown  that  the  visual  sense  of  the  lowest 
ftnimate  forms  has  arlHRn  frnm  »  HiffuBpH  ftofw^itxr  f^r  ro"o>..:^--  aor-a^*i'~- 
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cne  animal  b  place  ot  existence.  Organic  retrogradation  of  specialized 
parta  shows  itself.  Protective  apparatuses,  adjusting  mechanisms,  and 
directing  machinery,  all  become  manifest.  Formation  of  new  and  use- 
ful parts,  abolition  of  old  and  useless  portions,  each  adapted  for  some 
pecnliaritj  of  action,  come  and  go,  until  at  last  the  apparatus  is  brought 
to  one  of  the  most  highly  specialized  varieties,  as  shown  in  man.  To 
this  variety,  attention  will  be  directed. 

Roughly  speaking,  the  human  visual  apparatus  may  be  divided  into 
three  parts:  The  first,  the  peripheral  or  receiving  portion,  known  as 
the  eye  proper,  which  consists  of  two  separate  surfaces  of  sensory  ma- 
terial, termed  the  ocular  retinse,  which  are  placed  at  the  focussing  points 
of  two  compound  systems  of  boxed  lenses  of  changeable  power :  the 


nc  obserratioD  has  ahown  tliat  the  visual  senate  of  llie  loweat 
brmfl  hiM  arisen  from  a  iliffuHeil  uipacicj?  for  receiving  sensations 
ires  of  lieat.  This  is  proved  b_y  the  fact  that  many  of  the 
organisms  disphiy  distinct  peculiarities  and  difTerencet)  in  direct 
to  variations  of  expoi^ure  to  light  an<l  heat.  In  the  apparent 
jf  special  organs  adapted  to  the  reception  of  light-rays,  we  are 
d  to  the  DBSumpcion  thai  there  issomcgenerulizod  iniiieria!  which 
e  of  such  action.  Ascending  in  the  scale  of  zoiiloj^ical  forms, 
he  orgauism  manifesting  a  atill  more  souiiitive  general  eurface, 
ages  Its  habitat  and  mode  of  exi.itencT.  Later,  nmtdl  isolated 
ome  inoT«  specially  organized  and  are  resdy  for  the  reception 
r  stimuli.  So-called  eye-spotti  appear.  Ilundles  of  glubules  of 
>d  epithelial  ceils  sliow  themselves,  as  may  be  seen  in  the  pecn- 
jrgans  in  many  of  the  lower  invertobrata.     For  instance,  each 

of  the  star-fish  is  composed  of  sovcral  invaginated  epithelial 
taining  a  rod  pigment  to  which  nerve  fibres  become  connected. 
organ  i»  a  light-receiver  and  a  light-ahsorber,  and  can  be  eon- 
B  one  of  the  primary  exnmples  of  an  eye. 
irsDce  is  made  into  the  life-form,  these  spots  become  more  corn- 
he  overlying  cuticle  raises  itself  into  a  curved  plate  Find  tho 
leue  becomes  transparent,  so  that  now  there  is  a  material  of 
ae  and  quality  as  to  possess  tlie  power  of  concentrating  light. 
inple  ejca  are  found  to  be  more  numerous  upon  thn.^e  parts 
e  the  most  necessary  for  the  aniinars  e;ii9tenc«,  safoty,  and 
1.  Rases  of  tentacles  become  t^Luddeil  witli  lliein  ;  margins  of 
tain  numerous  dottings;  the  cephalic  extremities  hold  the  largest 
most  specialized  varieties;  and  peculiar  movable  foot-stalks, 
fg  compound  formstiou  upon  their  distjil  extremities,  appear. 
larts  become  greatly  increased,  to  exercise  definite  function  in 
ai'i  place  of  existence.  Organic  relrog nidation  of  specisiizcd 
wa  itself.  Protective  apparatuses,  adjusting  mechnnisms,  and 
Aachinery.  all  become  manifest.  Formation  of  new  and  ueo- 
■tbnlition  of  old  and  useless  portions,  each  adapted  for  sume 
^of  action,  come  sn<l  go,  until  at  last  the  apparatus  is  brought 

tbo  most  highly  specialized  varieties,  as  shown  in  man.     To 
ity,  attention  will  be  directed. 

Ijr  speaking,  the  human  visual  apparatus  may  be  divided  into 
ta:  The  Rrai,  the  peripheral  or  receiving  portion,  known  as 
ifopcr,  which  consists  of  two  separate  surfaces  of  sensory  ma- 
imed the  ocular  retime,  which  are  placed  at  the  focueuiing  points 
Ipound  systems  of  boxed  lenses  of  changeable  power :  the 
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second,  or  transmittiDg  portion,  which,  containing  the  combined  nerre- 
material  gathered  into  two  masses  that  pass  inward  through  the  sknll 
into  the  intra-cranial  cavity,  parsnes  its  way  backward  in  intermingled 
relation  and  connects  at  varions  points  with  the  cerebnl  mass,  until  at 
laftt  it  is  re-spread  in  the  occipital  region,  to  form  a  portion  of  the  so- 
called  cerebral  cortex :  the  third,  that  area  of  the  cerebral  cortex  which 
is  composed  of  the  oatspread  central  terminations  of  this  nerve-material, 
forming  the  so-called  visual  centres. 

Whether  the  dual  eye  of  the  order  Vertehrata  is  derived  fix)m  the 
single  median  organ  seen  amongst  the  tanicates,  or  whether  it  is  a  de- 
rivative of  the  paired  eyes  of  the  annelids,  it  is  impossible  at  present  to 
hazard  any  more  than  a  vague  hypothesis.  Embryologically,  the 
foundation  of  the  human  ocular  apparatus  practically  grows  out,  as  a 
pair  of  lateral  diverticula,  from  the  first  embryonic  cerebnl  vesicles, 
which  are  a  part  of  the  three  (really  five)  brain-sacs.     These  so-called 

Flo.  I. 


FormAtlon  of  ocuUr  vesiclei.    (Bonsit.) 

ocular  veticlen  or  diverticula  of  the  primitive  cerebro-spinal  canal,  as 
Hccn  in  Fig.  1,  are  at  first  more  or  less  globular,  with  a  wide  passage 
fill  their  inner  sides  which  communicates  directly  with  the  early  neural 
cavity.  As  development  proceeds,'  the  necka  of  these  vesicles  become 
■elongated,  narrowed,  and  solid. 

In  this  way  the  optic  nerve,  the  true  retina,  and  the  retinal 
pigment  arc  developed.  After  the  ocular  vesicle  has  been  pushed  out 
HO  iw  to  be  brought  in  contact  with  the  embryonic  epidermis  or  ectoderm 
wliicli,  thickcneil  in  this  situation,  is  to  form  the  conjunctiva  and  cov- 
ering of  the  cornea,  the  outer  convexity  of  the  vesicle  is  pressed  in- 
ward Ity  the  rapid  growth  of  the  overlying  ectoderm  in  such  a  manner 
tliat  ttie  outer  half  is  thrust  into  the  posterior  half  of  the  vesicle.  Thus 
in  formed  a  double-walled  cup  {the  ocular  cup)  or  ttcondary  ocular 
veinrli'.     This  ia  shown  in  Fig.  2. 

Lntci-  the  exterior  part  of  the  cup  becomes  reduced  in  thickness  and 
itM  cells  lire  converted  into  pigment,  into  which  the  retinal  rods  and  cones 
eventually  dip.     The  inner  part  or  interior  layer  of  the  cap,  on  the  con- 

I  111  iirrliT  thftl  llie  suhjfct-in Biter  might  be  kept  more  In  hftmiony  and  tbe  entire  de- 
vfloimiKiit  cif  uHch  [Mirt  bolter  imilergiooil,  strict  siiccesilon  of  development  hu  not  been 
ftillieroit  to. 
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tmiy,  rapidlv  thiclcens  to  a  depth  of  several  layers  of  ccIIm  which,  con- 
sidered consecutively  from  its  inner  or  concave  fuco,  may  be  differentiated 
aa  folIowB :  ganglion  layer,  inner  molecular  layer,  outer  ganglion  layer, 
externa]  molecular  layer,  and  layer  of  rods  and  cones.  These  several 
layer»  are  supported  and  bound  to  one  another  by  certain  cells  known  as 
Miilhr'tfihrct,  which  represent  the  connective  tiasue  of  the  retina  proper. 

|In  the  later  atage.  capillary  blood -channels  and  lympli-apaceii  develop 
within  the  substance  of  the  retina.    These,  however,  do  not  reach  their 

[•full  development  until  one  of  the  laler  periods  of  the  post-embryonic 
Btage. 

The  cortical  strands  of  the  optic  nerve  bundles  develop  peripherally 
from  the  ectudoruiic  ncurubliuts  in  the  ganglionic  layer  uf  the  retina 
along   ihe  wiitls  of  the  hollow   fout-8tams.     They   \yni^  centripctolly 

[tlirough  these  neural  tubes  to  terminate  in  tlie  occipital  cortex.     A 


rm.'i. 


72/: 


eA, 


tK. 


Invftcliudniior  IcM.   (lie.} 


id  series  of  strands,  ganglionic  in  typo,  probably  sensory-motor  in 

iincter,  nnd  connected  with  the  nuclti  of  the  third,  fourth,  fifth  (in 

part),  and  sixth  pairs  of  intra-crania!  nerves,  seem  to  develop  centrally 

in  the  nuclei  of  the  ganglion  celln  of  ihe  opiic  tract  and  to  yvc^  ceiitrifu- 

.^ally  to  the  optic  bulb.     According  to  some  authors,  the  median  parts 

|of  tiie  two  stallcB  combine  in  a  measure  to  form  the  chiasm.     The  po»- 

I'lerior  portions,  or  optic  tracts,  connect  with  the  mid-brain. 

Preccilent  to  this  involution  of  the  reiinal  cup,  there  is  developed 
from  the  external  epithelium,  immciiiatcly  over  it,  a  fold  nf  the  external 
embryonic  epidermis,  which  has  become  thickened  at  this  {>oint.  This 
jld,  which  subset] ueiitly  forms  the  lenn  veeicle,  is  shut  off  from  all  coQ- 
[neclion  with  the  exterior  epidermis. 

The  anterior  wall  of  the  lens  vehicle,  or  that  portion  lying  next  to 

the  cavity  of  the  retinal  cup,  hej;in«  to  thicken  before  it  is  detached 

from    the  parent  layer  of  epidei-mis.      About  tlio  lime  of  the  detach- 

lent  of  this  rudiment  of  the  lens  from  the  epidermis,  its  posterior  wall 

^hua  90  greatly  increased  in  size  by  nutrition  derived  fnmi  the  vascidar 

tanic  of  the  lens,  which  is  fed  by  the  prenatal  branches  of  the  central 
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solid  balv  ctanpaSied  of  a  posterior  wull  of  elongated  fibres  an<]  a  UiJn 
adherent  anterior  wall  made  up  of  columnnr  epithelial  ccIIr,  which  at  the 
iQsrgiD  become  gradually  elongated  as  tbev  pa«s  into  tbo  loog  fibres 
developed  from  the  centre  of  the  thickened  poalerior  layer. 

The  lens  capsule  is  probably  either  a  derivative  fi-ora  a  thin  layer  of 
mesoderm  or  a  cuticular  deposit  from  the  lens  culls  thetoselvcs.  Some 
authors  assume  that  it  is  both. 

The  optic  cup,  aa  described  above,  iimst  not  be  utiderstood  to  assume 
a  fonn  witJi  edge»  which  are  perfectly  uniform  in  height ;  but,  as  Khonn 
in  Fig.  5,  there  is  a  depression  or  groove  of  the  edge  upon  the  inferior 
side  of  the  cup,  in  the  same  plane.     (Fig.  G.) 

This  deprc-Jsion  or  notch  on  the  inferior  aide  of  the  optic  cup  is 
known  as  the  vlwnoid  fissure  or  ocular  ckft,m\i\  iu  mauimalia  extends 
some  disunce  along  the  optic  stalk.  Through  thi«  fiaatiro,  from  be- 
neath.'embryonic  connective  tissue  is  proliferated  to  form  not  only  the 
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itnl  artery  and  veseeU  of  the  vitreous,  but  alau  the  vitreous  humor 
itaelf.  A  little  later,  thiit  cleft  begins  to  cloM  at  its  proximal  end  until 
at  the  time  that  the  hynloid  vessels  ure  all  aborted,  a  small  opening  is  left 
through  which  the  central  artery  of  the  retiim  enters  the  optic  nerve. 

At  first,  owing  to  the  relatively  enormous  size  of  the  lens,  the  vitreous 
humor  is  smull  in  amount,  Hod  it  is  only  in  the  liitci'  stages,  or  id 
embryos  beyond  three  and  a  half  centimeters  in  length,  that  the  latter 
attains  any  considerable  size  and  iinporttmce.  as  in  the  adult  eyu.  The 
hyaloid  ineinbrane  is  probuhlv  h.  derivative  from  tlie  same  Hource  us  the 
vilreooa  humor,  being  further  differentiated  into  the  suspensory  liga- 
neiit  of  the  lens. 

Siifioltatieously  with  the  inti-usion  of  the  connective  tissue  throogh 
the  chorioid  fissure,  there  is  \s.i\  augmentation  of  the  connective  ti8»u6 
between  the  anterior  fuceof  the  lent*  nnd  the  external  cjiidormis  in  front 
of  it.  This  intrusion  between  the  lens  and  the  epidermis  tnkes  place 
io  a  rin;;-like  manner  from  the  niurgiii  of  the  optic  cup  tuward  the 
centre  of  what  is  to  become  the  cornen;  the  epidermis  of  tlie  coniea 
being  formed  of  the  embrvonic  epithelium  and  the  intruding  connective 
tissue  described  above,     'f  he  connective  tissue  of  the  cornea,  or  choTion^ 
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is  contionous  wiLh  tho  sclerotic,  vrliich  lias  developed  rrotn  embryonie 
connective  tissue  in  contact  vrith  tKe  outer  or  pigmentpd  layer  of  tlie 
primitive  optic  cup.  The  chorioirl  and  its  veaseU  interposinj^  botwoeu 
the  sclerotic  and  the  retina  ai-c  likewise  probably  developed  from  embry- 
onic connective-tissue  cells. 

With  atil!  further  differentiation  of  the  eyeball,  tlio  cnrne&  becomes 
lifted  off  from  contact  witli  tlie  lens;  the  space  formed,  now  filled  with 
a  clear  fluid,  becoming  the  area  into  which  the  iris  later  protrudes. 
The  iris  is  ileveloped  on  its  powterior  face  fmm  the  attenuated  and 
degenerated  portion  of  the  anterior  rim  of  the  optic  cnp.,  which  has 
gone  to  form  the  edge  of  the  central  opening  known  in  aftor-lifo  as 
the  piipil :  whilst  the  antt^rrior  face,  containinj*  more  or  leas  pigment, 
bK»odve»selB,  and  muscular  6bres,  i3  a  derivative  of  embryonic  con- 
nective tissue. 

The  apparatus  for  accommodation — the  ciliary  muscle  and  its  attacli> 
mcnts — is  in  like  manner  develojicd  from  embryonic  connective  tissue 
or  mesoblast. 

The  origin  of  the  sclerotic  is  also  traocd  to  the  embryonic  connective 
tissue.  The  attached  exlra-ocular  muscles  arc  probably  derived  fmm 
the  walls  of  the  head-cavitiee,  or  what  represent  head -cavities,  in  the 
mammalia. 

The  front  of  the  eyeball  of  an  embryo  three  and  a  half  centimeters 
in  length,  with  its  large  leno  and  tJie  protruding  cornea  lying  in  contact 
therewith,  is  at  this  stage  but  slightly  covered  aronnd  its  margina. 
(Fig.  T.) 

This  covering,  which  constitutes  the  rudimentary  eyelids,  consists  of 
simple  ridgc-like  folds  of  epidonnis  fille<l  with  embryonic  connective- 
tissue  celU,  which  gradually  grow  from  above  and  below  to  unite  orer 
the  eyeball  by  means  of  the  surface-layer  of  cells.  At  birth,  or  imme* 
diately  before,  the  palpebral  fissures  are  forme<l  by  a  splitting  or  sepa- 
ration  of  these  surfoce-Iayers,  caused  by  the  rapid  outgrowth  of  the  cilia 
or  eyelashes. 

The  third  eyelid,  or  plica  semilunaris,  is  develope<l  as  a  fold  covered 
by  the  external  epithelium,  in  the  Mime  manner  as  tlie  lids  them- 
selvM. 

The  Meibomian  glands  are  simple  involutions  of  the  embryonic  epi- 
theliam  or  epidermis  which  cover  tin?  inner  face  of  the  eyelid  and  ex- 
tend over  the  cornea  as  the  corneal  epithelium  or  epidermis.  The 
lacrymal  glands  hare  a  similar  origin  from  the  embryonic  epidermis, 
especially  from  that  near  the  cater  angle  of  the  upper  eyelid,  whilst 
the  lacrymal  canal  is  the  result  of  the  want  of  closure  of  the  cleft 
which  exists  between  the  lateral  pluies  of  the  fronto-nasal  processes  and 
their  neighboring  maxillary  processes  The  latter  is  lined  by  an  epithelial 
tube,  the  production  of  a  thickening  of  the  rete  mucoiium,  which  sinks 
into  the  deep  layer  of  the  cntis  along  the  fiiHural  line. 

The  centifll  artery  of  the  optic  nerve,  in  its  early  stages,  lies  in  th« 
depression  on  the  under  side  of  the  hollow  optic  stalk,  thin  depression 
besng  continuous  at  its  outer  extremity  with  the  chorioid  fissure.  The 
VcapMs  arising  from  the  central  artery  of  the  retina  and  optic  nerve  are 
the  earliest  to  enter  the  eye  within  the  retinal  surfiu».    With  the  exoep- 
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tioD  of  tile  bvaloid  bniDcb.  wbicb,  as  can  be  seen  in  Fig.  7,  raos  across 
the  vitreous  clinmber  to  furnish  nutrition  by  numerous  branches  to  the 
lens,  tbey  preiwrre  all  their  essential  characteristics  in  the  adnlt.'  Tetter 
the  hyaloid  and  its  stems  ra|iidty  abort,  leaving  the  hyaloid  canal  as  the 
onlv  evidence  of  their  existence. 


Pta.-S. 


4 
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a  flR  ombrro.  (KoixiiunL) 


S^tmman/. — It  will  be  seen  that  not  only  the  optic  ncr\-e,  hut  the 
ina  itself,  and  the  retinal  pigment  at  one  stage,  are  absolutely  con- 
tinaoas  with  the  walls  of  the  einbryitnie  eorobrn-H|)iinil  nervous  system. 
In  fact,  the  cerebro-spinal  nervous  epitbelium  of  the  embryo  passes  un- 
interruptedly into  the  eye.  The  leni^  is  entirely  of  epidermal  origin, 
I  while  the  connective  tissnc  of  the  sclerotic,  the  chorioid,  the  iris,  and 
ibe  cornea,  are  all  derivnttves  from  the  primitive  embryonic  connective 
tissue  or  mesol>hi»t.  The  voluntary  masclos  which  move  the  eyeball 
are  alflo  disrivutives  from  embryonic  connective  tissue. 
I  Ii  will  ibtu  be  MMin  itwi  Um  InirwIOD  ot  cbe  t)loo<1vi>tw)li  Into  Ih9  opilc  nerv*  and  iaio  ili« 
rretMtl.  b  tliulUt  to  thr  InlTudon  of  the  conncdlrv  Umuc  (tanning  the  * Ilrtania  into  tbe«r«ball 
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The  three  essential  organs — the  optic  nerve,'  the  retina  with  its  two 
layers  (the  retina  proper  and  the  pigmented  layer),  and  the  lens — are 
the  first  parts  of  the  eye  to  be  developed.  All  the  remaining  struc- 
tures— the  sclerotic,  the  vitreous,  the  aqueous  humor,  the  iris,  the 
muscles  of  accommodation,  etc. — have  grown  either  into  or  around  the 
ball,  or  optic  cup,  secondarily.  In  other  words,  the  retina  and  the  lens 
are  the  essential  primitive  organs  of  the  eye,  being  differentiated  before 
any  of  the  other  organs  are  fully  developed. 

>  It  may  be  of  Interest  to  note  that  Min  Jalla  B.  PlatL  workinr  on  the  chirk,  has  shown  It  to 
be  exceedlnfclr  probsble  that  the  opUc  nerve  Ih  dorvsl  In  origin,  thus  reconciling  this  ftnomalons 
nerve  with  alf  toe  other  sensory  nerves,  which  are  don«l  In  origin  in  the  em br]^>ntc  medullar; 
plate  or  firat  rudiment  of  the  cerebro-iplnal  nervous  system. 
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They  are  nsunllj  inclined  to  one  another,  as  can  bo  seen  in  Fig.  20,  at 
an  angle  of  about  forty  to  forty-five  degrees.  The  temporal  Ipofders  of 
llieir  circumferences  project  forward  to  a  less  dit^lance  than  the  nasal, 
which  are  almost  parallel  to  one  another.  Their  apices  look  upward 
and  inward,  so  that,  should  iheir  lonp  axes  be  conilnued  poBteriorly, 
thcj  would  ;;cnera!!y  meet  the  middle  of  the  anterior  cUnoid  process  of 
the  sphenoid  bone  at  about  ihe  poiiitjon  of  tbv  sella  Turcint.  As  seen 
in  Fig.  8,  the  hone^  fMitering  into  tli^Jr  t'onstructioti  are  tlic  fronml,  the 
sphenoid,  th«  ethmoid,  the  superior  maxillary,  the  lacrymal,  the  malar, 
and  the  palnte — the  first  three  being  common  to  both. 

Six  distinct  portions  of  the  cavity  are  recognized :  the  roof,  or 
superior  wall,  which  separates  it  from  the  frontal  sinus  and  cranial 
cavity ;  the  floor,  or  inferior  wall,  which  forms  the  roof  of  the  aninim 
of  Higbmore;  the  internal,  or  nasal,  portion,  which  act^  as  a  partition 
between  it  and  the  nasal  cavity;  the  external,  or  temporal,  wall ;  the 
apex  ;  and  the  circumference,  or  base.  The  vault  or  roof,  which  is  some- 
what concave,  shows  a  depression  at  its  antero-temporal  portion  for  the 
lacrymal  gland,  and  a  tuberosity  or  spicule  at  it^  aatcro-iiasal  portion 
for  the  attacliiiittnt  of  the  trochlenris  muj^cie.  ft  is  formed  antoriorly 
by  the  orbital  pliite  of  thv  Irontal  Ikuic  and  pot^teriorly  by  tho  inferior 
surface  of  the  lesser  wing  of  the  sphenoid.  The  floor  ifi  composed  ante- 
riorly of  the  superior  or  orbital  surface  of  the  superior  maxillary  and 
the  orbital  processes  of  the  malar ;  posteriorly,  it  is  formeil  by  the 
orbital  surface  of  tlie  paUte  bone.  It  is  so  situated  that  it  slopes  down- 
ward, forward,  and  outward.  Tho  naaal  process  of  tlic  superior  maxil- 
lary anteriorly,  the  external  or  orbital  finrface  of  the  lacrymal,  the  « 
planum  of  the  elUmoid,  and  the  Drbitnl  portion  of  the  body  of  the 
sphenoid  posteriorly,  form  the  inner  wall.  The  bones  which  serve  to 
make  the  nearly  flat,  firm,  and  most  resisting  outer  wall,  are  the  out«r 
portion  of  the  orbital  process  of  the  malar  anteriorly,  and  tho  anterior 
or  orbital  surface  of  the  greater  wing  of  the  sphenoid  posteriorly. 

The  roof  and  the  iiaHal  wall  are  the  tliintiast.  The  inner  wall  is  next 
in  tbicknens.  The  other  portions  increase  in  thickness  itntil  the  outer 
wall  is  reached,  which  is  at  least  five  to  six  times  thicker  than  the  inner. 

The  apex  of  the  orbit,  which  is  situated  at  the  posterior  portion  of  the 
cavity,  is  practiciilly  the  optic  foramen.  The  base  or  facial  opening  is 
about  forty  millimeterK  (about  one  and  three-fifYhs  inches)  wide,  and 
thirty-five  millimeters  (one  and  three- eighths  inches")  high,  in  the  adult 
skull.  Its  nasal  border  is  generally  situated  about  nineteen  millimelets 
(three-fourths  of  an  inch)from  that  of  its  fellow.  It  is  hounded  stiperiorly 
by  the  dense  supra-orbital  ridge  of  the  frontal ;  externally  by  the 
external  angular  process  of  the  frontal  and  tho  orbical  process  of  the 
malar;  infcriorly  by  the  anterior  border  of  the  orhitnl  plat*  of  the 
malar,  superior  maxillary,  and  lacrymal  bones ;  and  internally  by  the 
nasal  process  of  the  superior  maxillary  and  internal  angular  process  of 
the  frontal.  These  dense  bony  edges,  which  become  less  marked 
toward  the  median  line,  are  known  by  some  as  the  orbital  margin.  The 
inferior  external  angle  \s  at  a  lower  level  than  the  inferior  intemal. 

Kach  cavity  pri!sent{)  four  angles:  tlie  superior  internal,  formed  by 
the  junction  of  the  roof  and  inner  wall ;  the  superior  external,  formed 
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fhj  the  roof  and  outer  vrnll ;  the  iitferior  external,  Ibrmed  by  the  floor 
nmi  outer  wull.  and  the  inferior  internal,  made  by  the  junction  of  tho 
hiL-rymnl  and  ethmoid  with  the  superior  maxillary  and  palate.  The 
eyeball  itdclf,  as  sliowu  in  Fig.  9,  lies  somewhat  toward  the  superior 
external  angle. 

There  are  nine  openings  into  each  cavity,  five  of  which  are  foramina, 

^Iwo  are  6s8ureri,  and  the  remaining  two.  canals.  They  are  extremely 
variable  in  size,  shape,  and  position.  The  first  of  these,  about  ten 
niilliaietet-^  (three-eighths  of  an  inch)  long  and  about  six  uiillimetera 
(»ne-fourth  of  an  ineh)  in  calibre,  is  tho  opttc  foramen.     Tt  '\a  situated 

Ion  the  edge  of  the  body  of  the  nphenoid  bone,  slightly  to  the  naoal 

aside  of  the  apex  of  the  orbit.     It  pursues  its  course  upward  and  inward 
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toward  its  fellow.  Thrnagh  it  the  optic  nerve  and  ophthalmic  artery 
inako  their  exit  fnmi  the  cranial  cavity.  The  second  ia  the  gupra~ 
orbital  fvrameH.  whirh  is  frequently  nothing  more  than  a  mere  notch 
or  groove.  It  is  geDerallr  found  at  the  inner  third  of  the  sapra>orb(tal 
arch  of  the  frontal  bone,  at  about  nix  to  ten  millimeters  (one-fourth  to 
three-eighths  of  an  inch)  distance  from  the  superior  inl«nial  angle.  It 
int^ded  for  the  tnmamiaMon  of  the  npra-orbital  artery,  vein,  and 
e.  The  third,  t\te  anUrior  ethmoidal  foramen,  situated  in  orjuat 
above  the  sntnre  of  the  superiur  internal  angle,  transmits  the  anterior 
ethmoidal  artery  and  the  na5al  branch  of  the  fifth  nerve.  The  fourth, 
the  pi'strrier  rihmoidat  foramen^  situated  immediately  back  of  Uie 
anterior,  traoamila  the  poRlerior  ethmoidal  artery  and  the  corresponding 
vein.  The  Kfiht  the  maltrr  foraunrtt^  which  in  most  instance*  is  double, 
is  situated  iu  the  outer  wall  of  the  orbit,  on  the  upper  surface  or  orbiul 
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proccsa  of  the  mnlar  bone  It  U  intenrled  for  the  trAnsmission  of  the 
orbitat  branch  of  the  superior  maxiiUry  nerve  and  a  twig  from  the 
lacrymal  nerve,  which  comiimnicfttcs  witii  the  temporal  filamont  hcfore 
ontvring  the  foramen  itself.  Tiie  two  fissures  are  kiiovfn  &s  the  aphenttid 
and  the  aphenn-muxiilary.  They  arc  Hoinetitnas  kimwn  aa  i\\e«uperior 
and  the  inferior  orbital  Jittureit.  The  former,  more  properly  termed 
the  anterior  or  nuperior  laceraietl  foramen,  is  the  !ar<;er.  It  is  just 
external  to  the  optic  foramen,  at  the  posterior  portion  of  the  superior 
txlerual  angle,  aioiij^  which  it  extends  anl*riorly  for  some  dUlunce.  It 
is  in  reiilily  the  slit  hetweim  tlie  greater  and  the  Iciwer  wings  of  the 
sphenoid  bone,  which  has  been  converted  Into  a  foratnen  bj  association 
externally  with  the  urbitul  plate  of  tlie  frontoJ  hone.  It  is  triangular 
in  shape,  with  ita  base  down  and  in.  Through  it  pass  the  third  nerre, 
the  fourth  nerve,  the  frontal,  the  lacrymal,  and  the  nasal  branches  of 
the  opbchalniic  diviition  of  the  fiflh  nerve,  the  sixth  nerve,  a  few  small 
twi([S  from  the  cavernous  plexus  of  ihe  sympathetic,  the  superior  and 
inferior  ophthalmic  veins,  the  refnirrent  tacrymul  artery,  and  fre- 
r^uently  some  of  the  orbital  branches  of  the  middle  meningeal  artery. 
The  latter  fissure,  which  is  situated  in  Ihe  inferior  external  angle,  extends 
downward  and  outward  from  the  sphenoidal  fissure.  It  is  formed 
superiorly  by  the  inferior  border  of  the  orbital  surfoce  of  the  greater 
wing  of  the  sphenoid ;  externally,  as  n  rule,  by  the  malar ;  inferiorly  by 
the  paktc  and  external  border  of  the  orbital  surface  of  the  snperior 
maxillary ;  whilst  iuternally  it  connocU)  at  right  angles  with  the 
pterygo-maxillary  fissure.  It  generally  servea  an  a  piiMsage-way  for  the 
superior  maxillary  nerve  and  its  temporo-malar  branched,  the  infra- 
orbital nerve,  the  ascending  branches  of  the  spheno- palatine  ganglion, 
the  infra-orbita)  artery,  and  the  so-called  facial  ophthalmic  vein. 

Tlie  two  canals  are  the  infra-orbital  and  the  lacrimal.  The  former 
commence^)  as  u  groove  at  the  centre  of  the  external  border  of  the 
orbital  surface  of  the  superior  oiiixillary  bone.  Running  forward  from 
the  spheno-maxilhiry  fissure,  it  ends  in  a  cannl  which  divides  into  two 
hrnnche-s.  One  of  these,  the  infm-orbitut,  oi>en3  upon  the  facial  sur- 
face of  the  bouB  about  eight  millimeters  (about  one-third  of  an  inch) 
below  the  edge.  The  other,  the  anterior  denial  canal,  passes  into  the 
8ub»iiance  of  the  bone  iiiielf  and  transmits  the  infra-orbital  nerve  and 
urtery  from  the  orhit  nuLward. 

The  faeri/nml  canal  begins  as  a  groove  jti  the  lowpr  inner  portion 
of  the  circumference  of  the  orbit.  It  is  formed  anteriorly  by  the  inner 
surface  of  the  supra -maxillary  bone  and  posteriorly  and  on  the  side  by 
the  lacrymal  groove  of  the  lacrymal  bone,  and  the  lacrymal  proceea 
of  the  inferior  turbinated  bone.  It  ia  lined  by  a  fibrous  tissue  and  ia 
covered  internally  by  a  mucous  membrane,  which  in  the  sac  and  duct 
is  coated  with  ciliated  epithelium.  The  canal  serves  as  a  paasoge-way 
for  the  tears  to  the  nasal  (."avity. 

The  arteries  found  throughout  the  ocular  tissues  in  the  orbit  are 
almost  solely  derived  from  the  ophthalmic  artery,  which  is  given  off 
firom  the  cavernous  portion  of  internal  carotid.  Entering  the  orbital 
cavity  through  the  optic  foramen  to  the  outer  and  lower  side  of  the 
optic  nerve,  and  pumiing  its  way  forward  a  .short  distance,  it  crosses 


I 


KACBOBCOPIC    AND     UICROSCOPIC    ANATOMY.  31 

over  the  nerve  toward  the  median  line.  Here  it  leaves  the  muacle- 
cone,  and  again  passes  forward  beneath  the  superior  oblique  muscle  to 
the  inner  angle  of  the  eye,  where  it  separates  into  its  terminal  branches 
— the  frontal  artery  and  the  natal  artery. 

The  first,  and  one  of  the  largest  branches,  is  the  lacrymal  artery, 
which,  generally  appearing  at  or  near  the  optic  foramen,  passes  forward 
in  company  with  the  lacrymal  nerve  along  the  superior  border  of 
the  external  rectus  muscle  to  supply  the  lacrymal  gland.  A  few  fila- 
mental  twigs  continue  to  the  conjunctiva  and  the  upper  lid,  where  they 
anastomose  with  the  palpebral  arteries.  During  its  passage  forward  it 
giTea  ofF  a  couple  of  so-called  malar  branches,  which  anastomose  with 
both  deep  and  superficial  vessels. 

The  next  most  important  branch,  which  is  the  largest,  is  the  supra- 
orbital artery.  It  appears  just  as  the  main  vessel  crosses  the  optic 
nerve.  Ascending  through  the  muscle-cone,  and  passing  forward  with 
the  frontal  nerves  above  the  levator  palpebrie  muscle,  it  goes  through 
the  Bupra-orbital  foramen,  and  separates  into  a  deep  and  a  superficial 
branch.  These  distribute  themselves  to  the  pericranium  and  the  mus- 
cular and  integumental  tissues  of  the  forehead.  A  few  filamental  twigs 
anastomose  with  the  temporal  artery,  a  branch  of  the  facial  artery,  and 
its  opposite  fellow.  During  its  passage  forward  it  gives  off  branches  to 
supply  the  superior  rectus  muscle,  the  levator  palpebrie  muscle,  and  the 
tissues  at  the  aupra-orbital  foramen  and  inner  canthus. 

The  third  and  fourth  are  the  posterior  ethmoidal  artery  and  the 
anterior  ethmoidal  artery.  They  appear  as  the  main  vessel  goes  along 
the  inner  wall  of  the  orbit,  and  leave  the  orbit  through  the  posterior 
and  the  anterior  ethmoidal  foramina,  to  be  distributed  to  the  intra- 
cranial and  naaal  structures  about  the  cribriform  plate. 

The  fifih  and  sixth  are  the  superior  palpebral  artery&nd  the  inferior 
palpebral  artery.  They  appear  as  the  main  vessel  reaches  the  position 
of  the  pulley  of  the  superior  oblique  muscle,  and  encompass  the  eyelids 
about  their  ciliary  border.  Beneath  the  orbicularis  muscle  they  anas- 
tomose with  the  orbital  branches  of  the  temporal  and  infra-orbital  arte- 
ries, and  send  a  long  filamental  twig  to  the  nasal  duct. 

The  main  vessel,  continuing  forward,  terminates  in  the  frontal  artery 
and  the  nasal  artery.  The  former  ascends  on  the  forehead  from  the 
inner  angle  of  the  orbit.  It  supplies  the  muscular  and  integumental 
tissues,  and  the  pericranium,  and  anastomoses  with  the  supra-orbital 
artery.  The  latter,  after  leaving  the  orbit  just  above  the  tendo  oculi 
and  sending  a  twig  to  the  lacrymal  sac,  separates  into  two  filaments. 
One  of  these  anastomoses  with  the  angular  artery,  and  the  other,  called 
the  arteria  dorscdis  nasi,  supplies  the  superficial  portion  of  the  dorsum 
of  the  nose,  and  anastomoses  with  its  fellow  terminal. 

Two  small  twigs,  the  inferior  muscular  artery  and  the  superior 
muscular  artery,  appear,  as  a  rule,  somewhere  within  the  muscle-cone. 
The  former,  which  is  the  larger,  and  which  furnishes  most  of  the 
anterior  ciliary  arteries,  passes  forward  beneath  the  optic  nerve,  and 
supplies  the  inferior  rectus,  the  inferior  oblique,  and  the  external  rectus 
muscles.     The  latter  passes  to  the  upper  portion  of  the  cavity,  and  sup- 
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pliea  the  superior  roctusj  the  superior  oblique,  aDd  the  levator  pslpebnp 
muscles. 

Ueaides  tliew  so-called  orbital  brancbes,  there  are  a  number  of  im- 
portant twigs  ktiQwn  as  the  ncular  brandies.     The  first  is  tlie  cnttral 
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J  of  the  retina,  which  ia  ibc  smallest  oQsboot  of  the  main  vessel. 
it  appears  near  the  optic  rorumcn  m  H;;ht  ao^los  to  the  parent  trutik, 
und  rui)8  for^'iird  to  obli<jue1y  penetrate  the  optic  nerve  »t  about  tea 
niilliiueters  (nbotil  three-eighths  of  an  inch)  beiiiii(j  the  ocular  liulb. 
Reaching  here.,  it  pnive!:  tlirertly  into  the  interior  of  the  eye.  m  shown 
iD  Fig.  10  at  e,  ami  separates  at  or  near  the  'jptic  disk  into  a  series  at 
retinal  twigs  wiiich  terminate  at  or  ne-ur  tlie  ora  sermia. 

The  second  orbital  brnnch  ie  in  reality  a  grouping,  generally  com* 
posed  of  three  distiDct  and  separate  Kyetcins.  These  arc  known  aa  tho 
thort  riUary  arterUt,  the  lontj  eiluirtf  art^riet,  iind  tho  anterior  elHtirif 
arterifs.  The  first,  which  number  ten  Ut  iifteen,  appear  as  minute  olf- 
ahoois  fnim  the  main  tnink  in  ihe  mnsele  cone,  or  one  of  ita  branches 
behind  the  ocular  globe.  Surrounding  the  optic  nerve,  and  running 
forward,  they  penetrate  the  sclera,  as  shown  at  a.  a,  and  a  m  Fig.  10,  and 
passaroand  to  supply  the  ehorioid  and  the  ciliary  processes.  At  times 
they  anastomose  with  uuc  of  the  retinal  twigs,  ati  at  ^  in  Fij;.  10.  The 
long  ciliary  arteries,  one  of  which  is  seen  at  f)  in  Fig.  10,  wiiich  are  hut 
two  in  number,  appear  from  tho  main  trunk  or  from  a  branch  in  ahout 
the  same  position  as  the  short  ciliarie!?.  These  [m-ts  forward — one  on 
each  side  of  the  optic  nerve — to  perforate  the  sclerotic  at  ita  posterior 
part.  Continuing  onward  between  the  chorioid  and  the  sclerotic  coats, 
as  shown  in  the  sketch,  they  t^upply  the  ciliary  body.  Here  they 
separate  into  two  branches,  which  form  a  circle  arountl  the  periphery 
of  the  iris,  shown  at  jj  in  Fig.  10.  from  which  u  series  of  radiary 
filamentu  pmceeil  thntugh  the  irift-iiHsue  to  make  an  inner  vascular 
circle  around  the  pupillary  border.  The  third  series,  shown  at  c,  which 
arc  derived  from  the  inferior  and  other  uuisculnr  brancheH,  run  forward 
to  pfflSB  into  the  sclerotic  near  th«  corneal  limbus.  Here  they  send 
branches  to  the  ciliary  body  and  to  the  greater  vascular  circle  of  the 
iris. 

The  veins  which  pass  into  the  ophthalmic  vein  have  more  or  less 
the  same  drstributiun  as  thoKC  of  the  cifrrcsponding  arteries.  Begin- 
ning centrally  as  n  branch  of  the  cavernous  sinus,  the  ophthafmie 
vrin,  as  shown  in  Fig.  ]1,  can  be  followed  through  the  superior 
orbitjil  fissure  into  the  orbital  cavity,  across  the  i>ptic  nerve  and 
forward  along  the  inner  wall  of  the  orbit  to  the  inner  angle  of 
tlie  eye.  Here  it  forms  a  cotomunicution  with  the  anterior  facial 
vein,  the  fronia]  vdn,  the  vena  doraalis  nariutn,  and  the  superciliary 
veins.  Along  its  course  it  receives  a  number  of  branches,  the  first  of 
which  is  the  tupra-orhital  vein,  which  empties  into  it  from  behind^  fol- 
lowed hv  the  larri/mal  vrin  and  the  mu*i^ular  vnn».  The  palpebral 
vein  and  the  vein  of  thf  Uicrymal  sac,  us  a  rule,  are  also  included 
in  the  same.  The  central  retinal  vein,  the  pi<»lf.rior  riUary  vein*, 
Aod  the  attterior  ciitarif  vein$,  and  also  the  vortico»e  veins  with  greater 
or  less  coQstaocy,  are  strictly  ocular  in  type.  Itelated  to  their  fellow 
arteries,  and  having  the  same  distribution,  no  more  than  a  mere  summary 
uf  them,  as  given,  is  necessary.  The  frontui  portion  of  the  facial  vein 
receives  the  ^upra-orlntal  rein  \x»  it  dei^cendt^  upon  the  forehead,  and 
Mods  a  Iflti-ral  branch,  the  $uptr!of  p<ilj>ef'rttl  vein,  to  the  upper  lid. 
Near  the  position  of  these  two  veins  the  comnmnieating  vein,  with  the 
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niiinals  of  the  ophthalmic  vein,  are  found.  The  inferior  palpebral 
vein  passes  into  the  facial  vein  just  below  the  nasal  hranch  at  the  junc- 
tion of  the  wing  of  the  nose  and  th«  cheek.  This  free  anastomusis. 
as  well  a«  the  great  vascularity  of  the  periphery  of  the  orbit,  is  well 
ghovrn  in  Fig.  12. 

As  the  coloration  of  the  blood  would  interrupt  the  passage  of  light, 
it  becomes  neceaaarj  that  the  ocular  media  should  be  nourished  with 

Fiu.  11. 
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colorlesA  lymph.  Thiu  material,  derived  from  the  tiasucs  of  the  eye, 
circulatee  through  the  cornea  nnd  the  lens,  and,  in.  fact,  conatitutes  the 
aqueous  humor,  and  probably  the  major  part  of  the  vitreous  hutnor. 
hvfoTv  being  discharged  from  the  gloho  by  one  of  three  systems.  These 
two  largo  serous  cavities  or  reserv-oirs  placed  in  the  patlu  of  these 
ST«tenu  of  lymph  streunid  ftcrve  many  important  purposes. 

The  aqueous  humor,  i-e^emhling  In  measure  the  fluid  found  in  the 
cerebro- spinal  system,  is  famished  nsa  secretion  from  the  glands  in  the 
ciliarr  region.  Possibly  a  smnll  percentage  of  it,  in  modified  form,  is 
derived  from  the  iris.  This  watery  lymph  secretion  finds  its  ¥fay  into 
the  f»osterior  chamber  nnd  then  into  the  anterior  chamber.  Reaching 
this  endothelial  sac,  it  completely  fills  it,  and  constantly  flows  out  through 
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ttie  so-ciilie(l  canal  of  Sclilemm  am.]  fontaDn's  spaces,  situotcd  just 
btijond  liie  iris-ajigle,  to  connect  wiili  the  fine  stems  of  the  anterior 
ciliorj'  vcina. 

The  viireous  Imtnor — the  second  great  reservoir,  or,  as  Foster  aptlj 
puts  it,  "  an  attenuateit  mesobliistic  sponge" — on  tlio  other  liaTul.  is 
practically  a  (leuser  toaterial,  coriUiiiiiug  8«vertil  streams  of  more  Huiil 
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lymph.  <^e  of  these  in  slowly  moving  toward  the  optic  tlisk,  »ud  the 
other  is  continually  coming  Torvrard  to  get  into  the  posterior  chuniber. 
The  vitreoua  hnmor  receives  a  portion  of  its  lymph  currents  from  the 
glands  in  the  neighborhood  of  the  KonuloofZinn  untl  [ho  ciliury  bodies. 
A  portion  of  this  stream  turns  forward  and  goes  directly  into  the  humor 
of  the  posterior  cliumber,  whiUt  a  aecuud  great  current  for  the  retina  is 
carried  hackwnnl  to  the  optic  dii^k  alon^  tlic  hyaloid  mnjil.  In  fact, 
the  %itre«us  humor  «orves  in  part  jl^  u  vcbii'le  or  menstruum,  through 
which  the  lym[th  currents  are  aliowo'l  to  tind  tlieir  way. 

TJiese  iwit  liirge  intercaljirieH,  then,  il^  it  were,  hnve  severni  systems  of 
current.  The  first,  which  is  known  as  the  'inferior  iymphitic  »y»tein, 
is  derived  from  the  iris  and  the  ciliary  body.  It  serves  to  supply  all  of 
the  tiasucs  of  the  anterior  segment  of  the  eye.   Otic  portion  of  it,  which 
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process  of  the  malar  bone.  It  is  intended  for  the  transmiasion  of  Ac 
orbital  branch  of  ihe  Jtuperior  maxlthirv  nerve  and  a  tw'g  from  the 
liicr^mnl  iiervo,  whivh  coininuuiitiites  witii  the  tcnijionil  iiUuiient  before 
onleriii;;  thf^  frimnicn  itttelf  The  two  fissures  arc  tcnnwn  as  the  spketMid 
and  the  spheno-maxiliary.  They  are  sometimes  kDowti  an  X\ietuperior 
nnd  the  inferior  orbital  figauren.  The  former,  mere  properly  termed 
the  author  or  gupetior  lacerated  foramen,  ig  the  larger.  It  is  just 
external  to  the  optic  foriimcn,  at  tho  posterior  ]>ortioii  of  the  superior 
external  angle,  along  which  it  extends  nntcnoHy  for  mmo  distance.  It 
is  iti  reality  the  slit  between  the  grenter  and  the  lesser  wings  of  the 
sphenoid  hone,  which  hns  been  converted  into  a  foramen  by  associadoa 
externally  with  the  orbital  plate  of  the  frontal  bone.  It  is  triangular 
in  shape,  with  its  base  down  and  in.  Through  it  piisa  the  third  nerve, 
the  fourth  nerve,  the  frontal,  the  liicrymal,  and  the  nasal  branches  of 
the  opbthuliuic  division  of  the  &I\U  nerve,  the  nixth  nerve,  a  few  smsU 
twi^!4  rroin  the  cavernous  pluxus  of  ttie  sympathetic,  the  superior  and 
inferior  opltthalniic  veins,  the  recurrent  lacrymal  arteiy,  and  fre- 
Quently  some  of  the  orbital  branches  of  the  middle  meningeal  artenr. 
The  latter  fissure,  which  is  situated  iti  tlie  inferior  external  angle,  extenos 
dovfnvfard  and  outward  from  the  epheriioidal  fissure.  It  ia  formed 
superiorly  by  the  inferior  border  of  the  orbital  surface  of  the  greater 
wing  of  the  sphenoid  ;  externally,  as  a  nile.  by  the  ma]ar ;  inferiorly  by 
the  palate  and  external  border  of  the  orbital  surfaoe  of  the  superior 
maxilla-ry;  whilst  internally  it  connects  at  right  angles  with  the 
pterygo-m»xillary  fis.sure.  It  generally  serves  as  a  pnssage-way  for  tlie 
superior  maxillary  nerve  and  its  temporo-moliir  hmnches,  the  infra- 
orbital nerve,  the  ascending  branchei^  of  the  splieiio-[:uilatine  ganglion, 
tlic  infra-orbital  artery,  and  the  stvciilled  riiciiit  ophtliulmic  vein. 

The  two  cftnairt  are  the  infra-orbital  and  the  lacrymal.  The  former 
commences  as  a  groove  at  the  centre  of  the  external  border  of  the 
orbital  surface  nf  the  superior  tnaxillary  bone.  Kuniiitig  forward  from 
the  8phcno-m axillary  fissure,  it  ends  in  a  canal  which  divides  into  two 
branches.  One  of  these,  the  infra-orbitut.  o]>ena  upon  the  facial  sur* 
lace  of  the  bone  about  eight  millimeters  (about  one-third  of  an  inch) 
below  the  edge.  Tlie  other,  the  anterior  dental  canals  passes  into  the 
substance  nf  the  lionc  itself  and  transmits  the  infra-orbital  nerve  and 
artery  from  the  orbit  nutwnrd. 

The  lacrymaf  canal  begins  as  a  Groove  in  the  lower  inner  portion 
of  the  circumference  of  the  urhit.  It  is  formed  antpriorly  by  the  inner 
surface  of  the  suprn-maxillary  bone  and  posteriorly  and  on  the  side  by 
the  lacrymal  groove  of  the  lacrymal  bono,  and  the  lacrymal  proceffl 
of  the  inferior  turbinated  bone.  It  is  lined  by  a  fibrous  tissue  and  is 
covered  iuternallv  by  a  mucous  membrane,  which  in  the  8»c  and  duct 
is  coated  with  ciliated  epithelium.  The  canul  serves  as  a  passage-way 
for  the  tears  to  the  nasal  cavity. 

The  arteries  found  throughout  the  ocular  tissues  in  tlie  orbit  are 
almost  solely  derived  from  the  opht/tafmir  artery,  which  is  given  off 
from  the  cavernous  portion  of  internal  carotid.  Entering  the  orbital 
cavity  through  the  optic  foramen  to  the  outer  and  lower  side  of  the 
optic  nerve,  and  pursuing  it«  way  forward  a  short  distance,  it  croaaes 
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over  the  nerve  tovani  the  rnedian  liae.  Here  it  leaves  tlie  muscle- 
couc,  nnd  again  pASHCA  forwani  honoath  the  sapcrior  ob1ir[UO  n)u.<i<!le  to 
the  inaer  angle  of  the  eve,  where  it  separates  into  ita  tenntnal  bmiiclies 
— the  frontal  ari^ery  ami  the  nasal  artery. 

The  first,  and  one  of  the  largest  branches,  is  the  lacrymal  arttry, 
which,  geDcniUy  appeario)!  at  or  near  the  optic  foramen,  passes  forward 
in  company  with  the  lacrymal  nerve  along  the  soperior  border  of 
the  external  rectus  inu8c!e  to  supply  the  lacrymal  gland.  A  few  filn- 
inental  twigs  continue  (o  the  conjuiictivH  nnd  the  upper  lid,  where  tliey 
snastomoftc  with  the  palpebral  arteries.  During  its  pnssngc  forward  it 
gives  off  a  couple  of  so-called  malar  branches,  whlcii  ntiastomose  with 
both  deep  and  superficial  vessels. 

Tbe  next  oiost  ituportant  brunch,  which  is  the  largest,  is  the  tupra- 
orbital  aiiertf.     It  appears  juai  as  the  main  vessel  crosses  the  optic 

■  nerve.  Ascending  through  the  Diu<icle-cone,  and  passing  forward  with 
tbe  frontal  nerves  above  the  levator  palpebne  mascle.  It  goes  through 
the  supra-orbital  foramen,  and  M^parates  into  a  deep  and  a  superficial 
branch.  These  distribute  themselves  to  the  pericranium  ami  the  mu»- 
eular  and  inte^iujcntiLl  tissues  of  the  forehead.  A  few  tilamental  twigs 
■naatomose  with  the  temporal  artery,  a  branch  of  the  facial  artery,  and 
its  opposite  fellow.  During  its  passage  forward  it  gives  off  braticbes  to 
supply  the  aupcriur  rectus  muscle,  the  levulor  palpebra;  muscle,  and  the 
tissues  at  the  supra-orbital  foramen  and  inner  canthus. 

The  thini  and  fourth  are  the  posterior  ethmoidal  artery  and  the 
anterior  ethmoidal  artery.  They  appear  as  the  main  veHSel  goes  along 
the  inner  wall  of  the  orbit,  and  leave  the  orbit  through  the  posterior 
and  the  anterior  ethmoidal  foramina,  to  he  distributed  to  the  intra* 
cranial  and  nasal  structures  about  the  cribriforni  plate. 

■  Tbe  fifth  and  oixth  are  the  superior  palpebral  arteryaxiA  the  inferior 
palpebral  artery.  They  appear  a,s  the  main  vewel  reachps  the  position 
of  tbe  pulley  of  the  superior  oblif(ue  muscle,  and  encompass  the  eyelids 
about  their  ciliary  border.  Ucncath  the  orbicularis  muscle  they  anas- 
toaose  with  tbe  orbital  branches  of  the  temporal  and  infra-orbital  arte- 

tries,  tod  send  a  long  filamcncal  twig  to  the  nasal  duct. 
Tlie  main  vessel,  continuing  forward,  terminates  in  ihe/ron/a/  artery 
and  the  na^at  artery.  The  former  ascends  on  the  forehead  from  the 
inner  angle  of  the  orbit.  It  supplies  the  muscular  and  integumeiitnl 
ttamies,  and  the  pericranium,  and  anastomoses  with  the  supra-orhital 
arterj.  The  latter,  after  leaving  the  orbit  just  above  the  tendo  oculi 
and  sending  a  twig  to  the  lacrymal  sac.  separates  into  two  filaments. 
One  of  these  anastomoses  with  tho  angular  artery,  and  the  other,  called 
the  arteria  dorunUn  nnri,  Nup[vliefl  the  superficial  portion  of  the  dorsum 

■  of  the  nose,  and  anastomoses  with  its  fellow  terminal. 
Two  small  twigs,  the  inferior  muecular  artery  and  the  superior 
mmeular  artery,  appear,  as  a  rule,  somewhere  within  the  muscle-cone. 
The  former,  which  is  the  larger,  and  which  furnishes  most  of  the 
anterior  ciliary  arteries,  pauses  forward  benonth  the  optic  nerve,  and 
supplies  the  inferior  rectos,  the  inferior  oblique,  and  the  external  rectus 
muscles.     The  latter  pasaes  to  the  upper  portion  of  the  cavity,  aud  KUp- 
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retina,  wtiicli  is  the  smallest  offshoot  of  tlie  main  vessel. 
It  appesni  near  the  optic  ibratDcii  at  right  nngles  to  the  parent  trunk, 
r«Tt(l  runs  forward  to  obliquely  penetrate  the  optic  nerve  nt  nbout  ten 
lillinteters  (iibout  tbreo-ei^htlif  of  an  inch)  behind  the  ocular  Imlb. 
fKeachin^  here,  it  posses  directly  into  the  interior  of  the  eye,  aa  shown 
tin  Fig.  10  at  e,  and  sepurates  at  gr  iienr  the  optic  digk  Into  &  series  of 
•tinal  twigs  wliicli  terminate  si  or  near  the  dhi  Herruta. 
The  second  orbital  branch  is  in  reality  a  groupiiig,  genentlly  com- 
"  of  three  distinct  and  separate  systems.  These  are  known  as  the 
eilian/  arteries,  tlie  long  ciliary  arteries,  and  the  anterior  ciliari/ 
irttritM.  The  first,  vrLich  number  ten  to  tlAeeu.  appear  ub  miuute  ulf- 
loots  from  the  main  trunk  in  the  musele  cone,  or  one  of  itit  branches 
■bind  the  ocular  globe.  Surrounding  the  optic  nerve,  and  running 
forward,  they  penetrate  the  octera.  ns  ^liown  at  a.  it,  and  u  in  Fig.  10,  ajid 
pass  around  to  supply  the  chorioid  and  the  ciliary  procejjses.  At  tiraea 
they  anastomose  with  one  of  the  retinal  twigs,  as  at  /  in  Fig.  1().  The 
long  ciliary  arteries,  one  of  which  is  seen  at  h  in  Fig.  10,  which  arc  but 
two  in  number,  appear  from  the  main  trunk  or  from  s  branch  in  about 
the  same  position  as  the  short  ciliariets.  These  pasa  forward — one  on 
each  fiide  of  the  optic  nerve — to  perforate  the  t^clcrotic  at  it«  posterior 
part.  Continuing  onward  between  the  chorioid  and  the  sclerotic  coats, 
aa  shown  in  the  sketch,  they  supply  the  ciliary  body.  Here  tliey 
separate  into  two  branches,  which  form  a  circle  around  the  periphery 
of  the  iris,  shown  at  p  in  Fig.  10,  from  which  a  series  of  radiary 
filaments  proceed  tbrnugh  the  iris-tissue  to  make  an  inner  vascular 
circle  around  the  pupillary  border.  The  third  series,  shown  at  c.  which 
are  derived  from  the  inferior  R.nd  other  uiuscukr  branches,  run  forward 
to  pass  into  the  Bclerotic  near  the  corneal  limbus.  Here  they  send 
ranches  to  the  ciliary  body  and  to  the  greater  vascular  circle  of  the 
rifi. 

The  veins  which  pass  into  the  ophthalmic  vein  have  more  or  ]es9 
the  same  distribution  as  those  of  the  corresponding  arteries.  Begin- 
ning centrally  as  n  branch  of  the  cavertioua  sinus,  the  ophthalmic 
vein,  as  shown  in  Fig.  11,  can  be  followed  through  the  superior 
the  orbital  cavity,  across  the  nptic  nerve  and 
inner  wall  of  the  orliit  to  the  inner  angle  of 
forma  a  communication  with  the  anterior  facial 
vein,  the  frontal  vein,  the  vena  doi'siiliH  nariuui,  and  the  superciliary 
veins.  Along  its  coarse  it  receives  a  number  of  branches,  the  first  of 
which  is  the  supra-orbital  vein,  which  empties  into  it  from  behind,  fol- 
lowed bv  the  hwrymal  vein  and  the  muteuhir  wins.  The  palpebral 
vein  anu  tlie  vein  of  the  Ittaymat  a&c,  as  a  rule,  are  also  included 
in  the  same.  The  central  retimtl  vfin^  the  pmt,-riur  '•ifiari/  ranH, 
d  the  anterior  ciharj/  veins,  and  also  the  viyrtiep»e  veins  with  greater 
ir  less  conatancy,  are  strictly  ocular  in  type.  Related  to  their  fellow 
xrterica,  and  having  the  same  distribution,  no  more  than  a  mere  Bummary 
of  them,  as  given,  is  necessary.  The  frontal  portion  of  the  facial  vein 
reoetves  the  supra-orbitat  vein  as  it  descends  upon  the  forehead,  and 
^Mods  a  lateral  branch,  the  superior  palpebral  vein,  to  the  upper  lid. 
'Tear  the  position  of  the»e  two  veins  the  cuinmunicatinff  vein^  with  the 


orbital    fissure   into 
forward   along   the 
the  eve.      Here   it 
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terminals  of  tbe  ophtlinlmtc  vein,  are  found.  The  inferior  palpebral 
r«n  pAsaes  into  the  facial  vein  just  helow  the  nnsa!  branch  at  tlie  junc- 
tion of  the  wing  of  th«  nose  and  the  check.  This  frve  aaastoaiiwiii, 
MS  well  as  tlie  gi'^t  vascularity  of  the  periphery  nf  the  orbit,  U  well 
shown  in  Fig,  12. 

As  the  coloration  of  the  blood  would  interrupt  the  passage  of  light, 
it  becomes  necesiULrjr  thut  the  ocular  me<lia  should  be  nourished  witli 

Fig.  n. 
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colorless  lymph.  This  material,  derived  from  the  tissues  of  th&  ere, 
circulates  through  the  oomen  and  thelcuH,  and,  in,  fact,  constitutes  tlie 
aqueous  humor,  and  probably  the  major  port  of  the  vitreous  humor, 
before  being  discharges!  from  the  globe  by  one  of  three  systems.  These 
two  large  serous  cavities  or  reservoirs  placed  in  the  paths  of  these 
systems  of  lymph  jUiviidis  serve  many  important  purposes. 

The  aqueous  humor,  resembling  in  measure  tJie  fluid  found  in  the 
cerebro- spinal  system,  in  furnished  as  a  secretion  from  the  glands  in  the 
ciliary  region.  Possibly  a  amall  percentage  of  it,  in  modified  form,  ia 
derived  from  the  iris.  This  watery  lymph  secretion  finds  its  way  into 
the  post«Hor  chamber  nnd  then  into  tlie  anterior  cUauiber.  Heaching 
this  endothelial  sac,  it  completely  fills  it.  and  constantly  flows  out  tlirougR 


the  so-called  cana!    of  Sclilemm   aniJ    Fontana's   spaces,   situated  just 
be^ontl  tlie  iris-angle,  to  coDDcct  nith  tbc  fine  atems  of  the  anterior  _ 
riliar.'  veins.  ■ 

Tbe  vitreous  humor— the  second  great  reservoir,  ov,  as  Foster  aptly  ■ 
puts  it,  "an  uttcnuuied  iiie»olitiiAtic  i<|iuiige" — iiii  the  L>iher  hniMl,  is  f 
practicallj  a  denser  mRt«rinl.  containing  several  streams  of  more  fluid 

TW.  12. 
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lymph.  One  of  these  is  slowly  moving  toward  the  optic  disk,  and  the 
other  if  continuallj^  coming  forward  to  get  into  the  posterior  chamber. 
The  vitreous  humor  receives  a  portion  of  its  lymph  currents  from  the  ■ 
glands  in  the  neighborhood  of  the  aonult?  of  Zinn  and  the  ciliary  bodies.  I 
A  portinti  of  this  stream  turii!'  forward  and  gouH  directly  iiitu  the  humor 
of  the  posterior  chamber,  whilst  a  second  greni  current  for  the  rctinn  is 
carried  backwanl  to  the  optic  diitk  along  the  hyaloid  eiuml.  lu  fact, 
tbe  vitreoas  humor  serves  in  part  n.s  u  vehicle  or  menstruum,  tlirough 
which  the  lymph  currents  are  allowed  to  find  their  way. 

These  two  large  interealariee,  then,  iis  it  were,  hnvc  .several  systems  of 
current,  Tbe  first,  which  is  known  as  the  unterior  ft/nipfnttic  syatem, 
u  derived  from  (he  iris  uud  the  ciliary  body.  It  serves  tu  supply  all  of 
the  tissues  of  the  anterior  segment  of  the  eye.  One  portion  of  it,  which 
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pii9»e9  (lirectW  into  the  posterior  and  the  anterior  chambeni  to  meet 
iniotlu-r  current  that  lea\'es  the  ciliary  bodies  posteriorly,  to  penetrate 
n  definite  distance  into  the  vitreous  liitmor,  comeji  forward  ami  pisses 
through  the  zone  of  /inn  directly  into  the  posterior  chamber.  Here 
it  coinbineii  with  »  third  stream,  belonging  to  the  same  system,  which  is 
found  in  the  anterior  chamber,  and  which  ooces  through  the  interstices 
of  the  pectinate  ligament. 

The  second  system,  which  miKhl  bo  termcil  the  middle  Ijjmjt/iolic 
gt/sterti.  though  generally  rlassified  in  the  j>ogt/-ririr  hftnphatic  vtfutfm, 
springs  from  a  series  of  glands  thruughout  the  entire  chorioidal  area 
nnd  pQ.<taes  to  a  space  between  the  chortoid  and  sclerotic,  which  is  filled 
with  trabeculw  and  is  lined  with  endothelium.     The  lymph  secretion 

fv\me&  outwnnl  through  the  sclerotic  by  means  of  the  perivascular 
ymph  apacM  of  the  venae  vorticosa?.  Reaching  tbi«  point,  it  encounters 
a  secontl  lymph  nrea,  winch  is  situated  between  the  outer  ^urfiice  of  the 
sclerotic  and  the  inner  surfiice  of  Tenon's  ca|>sule.  Here  the  current 
moves  backward  through  Tenon's  space  until  it  reaches  the  outer 
boundary  of  the  optic  nerve,  where  the  fluid  goes  directly  into  the 
supra-vaginul  space,  to  pass  back  through  the  optic  foramen  into  the 
iirachnuid  cavity. 

The  thini  system,  or  second  series  of  tlie  posterior  lymphatic  spaces, 
starting  in  the  perivascular  and  other  lymph  cavities  of  the  retina,  paues 
back  through  the  optic-nerve  head,  where,  with  numerous  additions 
6'om  the  nerve  itself,  it  flows  into  the  sub-arocbnoid  cavity  of  the  nerve, 
where  an  communication  is  effected  with  the  second  s>-siem.  From  this 
point  the  combined  currents  fiow  into  the  intra-craninl  cavity. 

The  third,  the  fourth,  the  ophthalmic  division  of  the  fifth,  and  the 
sixth  nerves  enter  the  orbit  through  the  sphenoidal  fissure.  The  second, 
or  optic  nerve,  reaches  the  orbital  canity  through  the  optic  foramen. 
The  decond,  or  the  superior  maxillary  division  of  the  fifth,  appears  in 
the  orbit  between  iJie  infra-orbital  canal  and  the  malar  foramen. 

The  third,  or  oculo-motor  nerve,  after  receiring  a  sympathetic  fila- 
raeut  in  the  cavemouf  sinus,  bifurcates  into  a  superior  minor  branch 
and  an  inferior  niajtir  brunch,  whiph  enter  the  orbit  between  the  heads 
of  the  external  rectus  muscle.  The  upper  branch  distributes  itself  to 
the  ocular  surface  of  the  superior  rectus  and  levator  palnchne  muscles  br 
two  twigs,  and  anastomoses  with  the  nasal  nerve.  The  lower  brancli 
distributes  itself  by  three  or  four  twigs  to  tlio  inferior  and  internal 
rectuH  and  inferior  obli'jue  muscles,  and  connects,  hy  a  short,  thick  twig 
from  the  la.it  filament,  with  tlie  inferior  part  of  the  lenticular  ganglion. 
It  also  sends  tilnments  to  the  sphincter  muscle  of  the  iris  and  to  the 
ciliary  muscle. 

The  fourth  nerve,  which  at  times  receives  filaments  from  the  sympa- 
tlietic  and  anasiomoees  with  die  fifth  nerve,  distributes  itself  to  the 
ocular  surface  of  the  superior  oblique  muscle. 

The  opliihahnic,  or  firat  division  of  the  fifth,  divides  into  three 
branches— the  frontal,  the  nasal,  and  the  lacrymal  nerves.  Tlie  frontal 
branch,  which  is  the  largest,  and  is  h^  Muje  regardetl  as  the  continua- 
tion of  the  main  trunk,  enters  the  orbit  through  the  sphenoidal  fissure. 
h  separates  into   the  mym-orfntai  (the  larger),  which,  afler  passing 
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throagli  tlie  supra-orbital  fommen,  terminates  in  cutaneous,  muscular, 
8n<1  pericraninl  lirancbes,  and  the  i^upra-lrochlenr.  AfVcr  pn^^ing  in- 
ward and  giving  nn  anastomosing  twig  lo  tlie  infra-troclilear  branch  of 
the  nani  Derve,  it  leaves  the  orbit  between  the  jiulley  or  the  superior 
obliqae  muscle  and  the  euprn-orbita]  foramcD,  to  distribute  itself  to  th* 
corrugator  supercilii  and  occipito-frontMliH  mu8clet»,  and  to  be  lost  in  the 

.inti-pimciit  of  lilt!  foreht'iid.     The   nnsal   branch,  which   is  second  in 

tixe,  enters  the  orhit  between  the  two  bends  of  the  exteroHl  rectus 

Je,  pasiKS  inward  and  forward  between  the  optic  nerve  and  the 

rior  rectus  and  levator  palpebrse  muscles  to  the  anterior  ethmoidal 

ff>raroen.  Here  it  re-enters  the  ititra-cmninl  cavity,  to  again  leave  it 
through  a  narrow  chink,  alnngsiile  of  the  crista  galli,  into  the  noae, 
where  it  divides  into  an  inicniai  and  an  cxtemal  series  of  filamenw.  As 
h  pursues  iu  cyunje  across  the  orbit,  it  gives  off  three  series  of  smaii 
twiga;  first,  the  gnnglionic  rtfrvt\  wliicli  makes  its  appeaninco  as  the 
main  branch  pAsses  between  the  beads  of  the  externnl  rectus  mu!!cle  to 
form  the  superior  or  long  root  of  the  ciliary  ganglion ;  second,  the  long 
eilinrif  nervft,  which,  appearing  aa  the  main  branch  goes  over  the  optic 
nerve  and  piercing  the  back  part  of  the  eclurotic  after  aniistouioaiDg 
with  the  Bhort  <^ithry  nerve*,  given  off  from  the  ciliary  ganglion, 
pass  forward  between  it  and  the  chorioid,  to  bo  distributed  to  the  irii* 

|«nd  ciliary  muscle;  and  third,  the  infra~trocklear  R'^rtv,  which  appears 
juai  a»  the  main  branch  is  leaving  the  orbit.  This  branch  traverses  the 
orbital  cavity  along  the  superior  border  of  the  internal  rectus  muscle  to 
tbe  inner  angle  of  the  ere,  to  supply  the  palpebral  and  nasal  integu- 
ment, the  orbicularis  muscle,  the  tnuciis  inembraiie  of  the  coujunctiva, 
I  and  ibe  lacrymal  cjiruiiclo  and  tmc. 
[  The  lacrymnl  division,  the  smallest  of  the  three  branches,  supposed 
by  some  to  arise  in  measure  from  the  trochlear  nerve  by  a  fine  fikuient, 
enters  the  orbit  at  the  narrowest  p»rt  of  tlie  anterior  lacerated  fonimen, 
and  fraveraee  this  CAA*ity  along  the  superior  border  of  the  external  rectu-s 
muscle  to  supply  the  lacrymal  gland.  It  sends  terminal  filatnenls  to 
ihe  conjunctiva,  the  palpebral  ligament,  and  the  integument  of  the 
upper  lid.     At  times  it  anastomoses  with  the  facial. 

Uf  tbe  four  OBSOciated  ganglia  connected  with  the  various  divisions  of 
the  fifth  nerve,  tbe  ophthalmif,  or  riUarif,  nr  It^nfMitar  gtohjlion,  and 
the  $}}heno-pitl(ttinc,  or  ^le'rkd's  tj'iniflion,  are  here  of  interest.     The 

■first,  which  is  a  reddish-gray,  tlattened,  <|uadrnte  body  of  about  one 
millimeter  in  diameter,  is  enclosed  in  adipose  tissue  and  is  situated 
in  tbe  extertuil  and  posterior  part  of  the  orbit,  beneath  the  external 
■  ■rectus  muscle  and  the  optic  nerve.  Ita  three  roots  or  branches  of  com- 
^Bmuiiicatiou,  which  pierce  it  posteriorly,  are  the  t^n[/ cilmTV  uerve  and  the 
B«Aorf  ciliary  nerve.  The  latter  is  derived  from  the  twig  of  the  motor 
Voeuli  which  supplies  tbe  inferior  oblique  muscle,  anil  the  so-called 
wympathetie  nerve,  which  springs  from    the  cavernous  plexus  of  the 

■armpathetic.  Ten  to  fourteen  different  twiga  or  branches  of  distribution 
appear  at  the  anterior  part  of  the  ganglion  and  run  irregularly  forward 
in  two  groups.  The  supcror  bundle  is  composed  of  some  four  or  five 
twiga.  The  inferior  bundle  comprises  the  remainder.  These,  with  the 
~[>ug  ciliary  nerves,  pierce  Ibe  sclerotic,  and  run  forward  lu   grooves 
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between  it  and  the  chorioid,  to  be  distributed  to  the   iris  and   cilinr}' 
muscle. 

The  second  gnnglioii  is  a  minute  nggregation  uf  nerve-mnterial,  aotne- 
what  triangular  in  shape,  of  nhoiit  four  or  6ve  mlllimelers  (about  one* 
eij^hih  or  ihree-Bixteenlhs  of  an  inch)diaoietevin  its  wider  part.  It  ia 
deeply  situiitcd  in  ilie  sitlicno-maxillary  fossu,  near  the  spheno-palaiine 
foramen.  We  are  iutereated  liere  in  the  ascending  bninches  alone,  which 
penetrate  the  orbit,  throu^fh  the  s)iheno-maxillarv  iiHMire,  and  are  dis- 
tributed 10  the  periosteum.  It  is  by  thin  twig  ituit  the  connection 
between  the  splieno-palatine  and  the  lenticular  ganglia  is  estnbliiihed. 
Hy  some  h  is  stated  lliaL  there  is  a  connection  between  these  iwigs  and 
the  second  and  uiith  nerves. 

The  sixth,  or  abduccns  nerve,  first  appears  in  the  orbit  through  the 
(tphenoidal  fissure.  It  passes  forward  between  the  two  hend!^  of  the 
external  recluit  luutscleHnd  dieiributes  itself  to  the  ocular  surface  of  that 
muscle. 

Kach  orbital  cavity,  which  is  smonth  and  polislicd,  is  lined  by  a  peri- 
osteal layer,  known  as  the  ■periorhUa.  This  is  in  direct  connection 
with  the  intra-craiiiiil  perioHteum  and  dura,  principally  tlirmigh  the 
canalia  upticus  and  the  lissiim  sphenuidea.  It  directly  connects  with 
the  pcrioatoum  of  the  focial  portion  of  the  skull  through  the  spheno- 
maxillary fissure,  the  supra-orbital  foramen,  the  infra-orbital  canal,  and 
the  caualrs  zygomaticus  facialis.  The  covering  is  tliin  and  loosely  ad- 
herent to  tlie  waJts  of  the  cavity,  except  at  the  various  openings,  where 
it  becomeR  thickened  and  more  condensed.  Anteriorly,  it  gires  off  a 
bscial  layer  called  the  tarao-orbiial  faaria,  which  is  intendeil  for  the 
eyelids.  More  posteriorly,  it  sends  fibrous  processes  to  Bonnet's  and 
Tenon's  capsule,  the  lacrymul  glandtt,  and  the  sac.  Around  the  border 
of  the  optic  canal  it  is  condensed  into  an  elliptical  ring,  known  aa  the 
annulut  fibromt.  I'pon  tliii*  ring  several  of  the  large  extra-ocular 
muscles  tjike  their  origin.  At  the  sphenoidal  fissure  it  splits  into  three 
divisions,  which  form  openings  or  passage-ways  for  the  nerves,  arteries, 
and  veins. 

Immediately  inside  of  this  there  is  a  thin  membranous  serous 
envelope,  name*!  the  tunica  vii<}inahtt  oculi  or  huibi.  It  is  divided  into 
twy  parts.  One  uf  these  in  the  vimceral  layer.  It  is  loosely  connected 
with  the  i-yeball  by  fine  connective  tissue  from  the  peripheral  border  of 
the  cornea,  where  its  tissues  pass  over  into  thwe  of  tlie  ucular  conjunc- 
tiva back  to  the  optic  nerve  entrance.  The  second,  or  larger  area,  the 
parietal  Iftyer,  lines  the  cavity  of  the  fat-substanco.  The  eyeball  and 
optic  iiervo  are  imbedded  in  it,  and  move  like  a  joint  in  a  socket.  The 
space  between  the  two  layers  is  known  as  Tenon'n  »ptti--r.  Tliis  apace 
is  continuous  with  the  sub-arachuoidal  and  subdural  spaces  of  tlie  optic 
nerve.  Just  anterior  to  the  equatorial  region  of  the  globe,  the  tissue  is 
pierced  by  the  extrinsic  muscles  of  the  globe,  along  which  it  sends 
sfaeath-like  prolongations  that  bleud  with  the  ordinary  shenths  of  the 
masclcs.  Along  these,  with  the  exception  of  iJie  .'superior  oblir|ue. 
where  the  sheath  joins  the  periosteum  at  the  trochlea,  and  the  inferior 
oblique,  where  it  is  quickly  lost  in  adipose  tissue,  tliey  gradually  disap- 
pear.    The  port  anterior  to  tlie  points  of  pa3.sage  of  the  tendons  is 
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knovm  aa  Tenon's  capmle.  The  posterior  portion  is  spoken  of  as 
Bonnft'g  rafi»iil>'.  Tlie  siiterior  portion  is  much  the  tttiinier,  ami  i.i  the 
more  closely  adherent  to  tlie  aiijacent  tissues.  Small  flastic  and  muscle 
filirta  are  said  to  be  jjivpn  off  to  the  circumference  of  the  orbit.  These, 
in  cotnbioation  with  the  orbitul  lat  nnJ  other  tissuBS,  serve  to  make  the 
ocuIat  capsule  finner  and  less  yielding. 

The  first  and  the  most  importaot  of  the  structures  situated  in  front 
of  the  globe,  is  the  muscular  apparaitis  and  coverings  termed  the  fj/e- 
lids,  or  palpebra.  They  appear,  an  shown  in  Fig.  13,  as  two  hori- 
»otital  folds  or  cre0C«&t8.  ilie  upper  being  larger  than  the  lower.  Each 
is  covered  anteriorly  hy  skin,  which  is  tmn«fomied  into  mucufi  mem- 
brane upon  their  inner  surfnces. 

Each  lid  haii  a  rlisk-shaped  framework  of  interlacing  connective 
tissue,  termed  the  tortus.     That  of  the  upper  lid  is  from  si] 
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niillimeters  (abont  one-third  of  an  inch)  in  width  at  its  wideflt  portion  ; 
And  that  of  the  lower  lid  is  three  to  live  tnilliraeter!!  (about  one-eighth 
of  an  inch).  Each  tarsus  is  composed  of  dense,  nliite  Sbrous  tissue,  dis- 
osed  in  nil  manner  of  directions  and  enclosing  numerous  elongated 
As  can  be  seen  in  Fig.  14,  the  upper  tarsus  is  somewhat 
otic  in  shape,  whilst  the  lower  is  fueiforra. 
Kach  is  connected  with  the  faecia  of  the  orbit  at  its  proximal  ex- 
emity  by  what  is  generally  known  as  the  tnrtal  or  palpebral  lifiamenU. 
*  shown  in  Fig,  1-4,  they  are  connected  at  each  extremity  by  nar- 
row bridges  of  tissue  termed  the  ligamentum  palpcbrah  internum  and 
the  lufiimentum  palpchrah  exifrnum.  The  former  is  much  smaller, 
narrower,  and  somewhat  more  pointed  at  its  distal  extremity.  The 
nncction  of  the  tarsi  at  the  inner  cantbus  with  the  bones  oi  tlie  in- 
al  inferior  angle  of  the  orbit  is  made  by  the  two  branchea  of  the 
ito  palpvhrnrum  or  oculi,  which  is  about  four  uiillimeters  (about  one- 
xih  of  an  ineh)  long,  in  part,  it  h  immediately  ijubiaeent  to  thet^kin. 
The  open  space  intervening  between  the  upper  and  the  lower  tarsus. 
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which  srerageB  aboot  tliirtT  mitlimeters  (about  one  and  on(^-«ijbtH 
ImImb)  in  lencdi  in  the  male  adult,  is  termed  the  p^pehral  (Emtrv. 
WbcDtheejebdaarflopmaad  tbeaxisofvisioQ  b directed  Btraigbtahmd, 
the  vertical  widtb  of  the  fi^sare  usuallv  ecjuah  aboat  twelve  niinim«t«r» 
(aboot  oiie-hatr  an  inch).  Tlie  fre*  e«lge  of  the  apper  lid  covers  about 
one  or  two  miUiineteni  (about  oDe-tveoty-fourth  lo  one-twelfth  of  in 
indi)  of  the  upper  border  of  the  cornea.     This  width  increases  to  about 


IK.  ^^. 


'^-,1 


^^f 


.3y^- 


*^\ 


I'm: 


/ 

Vtrtk»]  lewlon  ibrouBh  upper  eyeUd.    (Sciunt*.! 

filWn  roillhnotuni  (about  nine-sixteenths  of  an  inch)  when  the  eye  is 
turnwl  upward.  It  deci-caaes  to  neven  or  nine  millimeLers  (about  ont'- 
third  of  an  inoh)  when  tlio  eye  looks  downward.  The  imsal  extremity. 
wliifli  in  quiU' roimdeii,  is  known  aa  the  internal  cant  has  or  internal 
eownmnurt-  '\'\\v  more  acute  external  angle,  which  is  designated  as 
the  trtffH'it  p'lttlhujt  or  eztrrnal  t'omnimure,  i»  generaily  ailuated  at  a 
higher  level  ihan  ilie  Inner  an^le.  The  ciliary  border  of  the  upper  lid 
(B  iilwaVM   the  thicker,  averaging  about  two*  millimeters  (about  one- 
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twelfth  of  an  inch)  in  the  centre  of  the  lid  and  graduallj  thinning  on 
each  side. 

As  can  be  seen  in  Fig.  15,  the  posterior  surface  of  the  tarsus  is  so 
intimately  bound  to  the  underlying  conjunctival  tissue  that  it  is  impos* 
sible  to  separate  one  from  the  other.  Immediately  overlying  the  ante- 
rior surface  of  the  tarsus  and  imbedded  in  loose  connective  tissue,  in 
which  a  few  fat-cells  can  be  occasionally  recognized,  several  muscular 
structures,  as  can  be  seen  in  the  sketch  at  e,  are  situated.  The  most 
important  of  these  is  known  as  the  orbicularis  palpebrarum.  This  is 
quite  a  large  muscle,  encompassing  the  palpebral  fissure  in  a  circular 
manner.  In  extent  it  embraces  the  entire  area  of  the  eyelids,  and  ex- 
tends peripherally  beyond  the  orbital  rim  or  base,  going  outwardly  for 
more  than  one  and  a  half  centimeters  (one-sixteenth  of  an  inch)  dis- 
tance beyond  the  external  canthus.  It  may  be  divided  into  two  por- 
tions, with  several  small  accessory  offshoots.  The  most  peripheral,  or 
orbital  portion,  is  composed  of  a  broad  circular  band  of  heavy  fibres, 
which  is  connected  with  the  corrugator  supercilii  and  the  occipito- 
frontalis.  The  more  central  portion,  known  as  the  palpebral,  is  com- 
posed of  a  scries  of  concentric  pallid  fibres  that  take  their  origin  from 
the  anterior  portions  of  the  tendo  palpebrartim,  the  crest  of  the  lacry- 
mal  bone  and  adjacent  bony  wall,  and  the  tissues  in  the  vicinity  of  the 
lacrymal  sac.  It  extends  in  concentric  layers  around  the  palpebral 
fissure  to  unite  by  cellular  raph6  at  the  external  palpebral  ligament. 
Near  the  free  border  of  the  upper  lid  and  close  to  its  inner  surfece, 
there  are  a  number  of  muscular  offshoots,  which  are  a  continuation 
of  the  muscle  fibres.  Collectively,  these  are  known  as  the  mut- 
cului  ciliartg  Riolani.  The  portion  of  the  muscle  fibres  posterior  to 
the  tendo  palpebrarum  taking  their  origin  from  the  posterior  branch  of 
the  internal  palpebral  ligament,  and  passing  in  front  of  the  lacry- 
mal canal  to  extend  into  the  most  mesial  and  posterior  ring  of  the 
orbicularis  palpebrarum,  is  known  as  the  tensor  tarsi  or  Homer's  muscle. 
A  few  of  the  fibres  arising  from  the  crest  of  the  lacrymal  bone  cross- 
ing the  lacrymal  sac,  and  directed  toward  the  great  angle  of  the  eye, 
are  termed  the  mttaeulvs  lacrymalig  posterior.  After  reaching  the 
latter  point,  the  fibres  divide  into  a  superior  and  an  inferior  branch, 
which  pass  into  the  upper  and  the  lower  eyelids.  Another  portion, 
known  as  the  mutetUvs  lacrymalis  anterior,  arising  from  the  internal 
palpebral  ligament  and  its  vicinity,  surrounds  the  tarsus  at  the  same 
point,  and  extends  to  that  portion  of  the  eyelid  which  is  devoid  of  con- 
nective tissue. 

The  next  important  muscle  is  the  levator  palpebrce  superiors.  As  can 
be  seen  in  Fig.  16,  it  arises  at  the  upper  portion  of  the  ligameTit  of  Zinn, 
which  partially  surrounds  the  optic  foramen  at  the  apex  of  the  orbit. 
Running  forward  along  the  orbital  roof,  it  is  inserted  by  three  layers 
into  and  in  the  vicinity  of  the  entire  breadth  of  the  upper  edge  of  the 
tarsus  of  the  upper  eyelid.  The  fibres  of  the  anterior  insertion  pass- 
ing down  as  fibrous  tissue  in  front  of  the  tarsus,  soon  become  associated 
with  the  aponeurotic  layer  from  the  superior  orbital  border,  to  at  last 
mingle  with  the  fibres  of  the  orbicularis  palpebrarum.  The  second 
insertion,  which  is  about  ten  millimeters  (three- eighths  of  an  inch)  long, 
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is  made  ilirpctly  intn  the  superior  boi-der  of  the  tar«u9.  This  braneli, 
vrhicli  la  untftriu'ei]  and  involuiitar^i',  is  tsometimes  known  n»  tlii?  mv*' 
fuliu  pnJjiedrmia  superior  or  the  musrle  of  Mn^Uer.  An  almost  similar 
muscle,  extending  from  the  inferior  rectus  tothelowerl»oriler  of  the  infe- 
rior tarsus  anil  eonjunctivat  sinus,  which  has  roucivod  tliu  name  musculuM 
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palj^ehralu  mffrivr,  haa  been  deicribed.  The  third  insertion,  which  ia 
the  must  posterior,  and  back  uf  the  tarsus,  attachett  itself  to  the  ituer- 
tion  of  the  8U|}enor  rectns,  and  continues  forward  to  the  tiitiues  just 
above  the  upper  conjunctiva]  sinu».  It  sends  out  a  few  lateral  branches 
to  cbe  internal  and  the  external  orbital  walls. 


rio.  17. 
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Imbedded  in  the  tarsus  of  each  lid  there  are,  as  showu  at/  in  Fig. 
15,  a  aeries  of  irrcfjular,  narrow,  vertical  tubes.  These  are  known  as 
iteibomum  or  (urtal yhtmU.  They  number  some  twentj  or  thirty  in 
the  lower  lid  and  thirty  or  forty  in  the  upper  lid.  As  caa  be  Been  in 
Fig.  17,  they  are  situated  in  the  posterior  portion  of  the  connectire 
tissue,  and  can  be  plainly  stmn  thniu^h  the  conjunctival  tisituco.  Each 
gland  consiaU  of  a  number  of  small  cul-de-sacs  termed  adni^  which 
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enter  indirectly  or  directly  into  a  main  channel  that  terminates  at  the 
inner  edge  of  the  free  border  of  the  Hd  back  of  the  lashes.  Both  the 
central  duct  and  some  of  the  larger  saccatations  are  lined  with  lami- 
nated and  stratified  epithelium.  The  cells  of  the  walls  of  the  deeper 
cells  of  the  smaller  Cfecal  appendages  more  especially,  are  somewhat 
colamnar  and  contain  roundish  nuclei.  At  some  portion  of  the  course 
of  the  duct  or  gland  it  is  embraced  by  the  portion  of  the  muscular 
fibres  of  the  orbicularis  palpebrarum  known  as  the  tnuaculm  ciUaris 
Riolani.     This  is  shown  at  b'  in  Fig.  15. 

There  are  numerous  other  glandular  structures  which  are  generally 
either  tubular  or  racemose  in  character.  They  are  found  in  many 
places  throughout  the  entire  lid  substance.  In  the  sub-epithelial  tissue, 
in  close  proximity  to  the  conjunctival  sinuses,  especially  of  the  upper 
lid,  and  near  the  tarsal  border,  they  are  quite  plentiful.  Many  of  these 
are  known  as  the  acinO'tiibular  glands  of  Krause  (seen  at  k  in  Fig. 
15).  They  are  supposed  to  act  as  auxiliary  lacrymal  glands.  At  the 
free  edge  of  the  lids,  usually  between  the  line  of  the  openings  of  the 
excretory  ducts  of  the  Meibomian  glands  and  that  of  the  cilia,  or  open- 
ing directly  into  an  adjacent  hair  follicle,  are  situated  the  so-called 
ylandt  of  Moll;  one  of  these  is  well  shown  at  g  in  the  same  figure. 
Commencing  peripherally  as  curved  and  rather  broad  tubes,  they  often 
rapidly  become  narrower  and  then  wider,  as  they  pass  up  into  the  sub- 
stance of  the  lid.  They  either  open  into  the  follicles  of  the  cilia  or 
terminate  in  constricted  bulbar  or  racemose  extremities.  Lined  for  the 
most  part  by  epithelial  scales  of  a  cubical  variety,  which  are  arranged 
Qver  a  fibrous  material  in  which  spindle  cells  containing  elongated 
nuclei  are  distributed,  they  at  times  are  found  to  contain  a  mass  of 
bomogeneous  and  granular  matter. 

In  a  number  of  places  throughout  the  skin  area,  as  shown  at  j  in 
Fig.  15,  the  coiled  tabular  congeries  of  the  ordinary  sudoriferous  or 
iweat  glands  can  be  seen.  Irregularly  distributed  throughout  the  over- 
lying cutis,  can  be  noticed  numbers  of  very  fine  hairs  (i,  z),  which 
project  upon  the  delicate  skin  surface  of  the  lids.  Many  of  these  are 
ipparently  devoid  of  any  sebaceous  glands  at  their  follicles.  Along  the 
rater  edge  of  the  free  margin  or  ciliary  border  of  each  lid,  are  situated 
ine  or  more  rows  of  short,  strong  hairs  termed  the  cilia  or  eyelathe% 
shown  at  h\  Slightly  curved  and  more  numerous  and  larger  in  the 
ipper  lid,  they  oppose  one  another  in  their  convexities.  Those  of  the 
ipper  rows -average  from  eight  to  twelve  millimeters  (about  one-third 
;o  one-half  of  an  inch)  in  length.  Their  roots  are  about  two  or  three 
nillimeters  (one-twelfth  to  one-eighth  of  an  inch)  long.  The  external 
^ges  of  the  ciliary  border  are  rounded,  whilst  the  bulbar  edges  are 
iharply  angled. 

The  portion  of  the  eyelids  in  apposition  with  the  eyeball  is  covered 
Tith  a  mucus  membrane  called  the  conjunctiva.  Closely  attached  to 
he  posterior  surface  of  the  tarsus  and  to  a  submucus  material  where 
he  tarsal  tissue  ends,  it  passes  around  a  cul-de-sac  known  as  ih&  fornix 
^O^unctivce,  to  cover  a  part  of  the  anterior  surface  of  the  globe. 

The  anterior  sur&ce  of  the  lids  is  composed  of  extremely  delicate 
.kin,  that  of  the  npper  lid  being  continued  from  the  brow  and  that  of 
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the  lower  lit)  from  the  cheek.  It  is  loosely  attached  to  the  iindeHjina 
cellular  tissue,  in  vrhich  a  number  of  minute  sudoriforoiu  glands  ana 
fine  bulbar  extremities  of  hairs  can  bo  found.  Both  the  cpidenn  nod 
corium  are  extruinely  thin,  whilst  the  pupllla>  are  very  soiall.  The 
eurface  of  the  Hkin  in  wrinkled  intohorizontnl  fohU,  the  most  important 
of  which  in  each  upper  lid  is  the  so-called  «h^u«  orbito-j>alpehr<ilu 
guperior,  produced  by  the  superior  border  of  the  dense  tissue  of  the 
tarsus  pashing  its  way  back  into  the  orbit  during  the  action  of  tlic 
elevator  muscle  of  ibe  uppor  eyelid.  In  the  lower  lid  there  is  a  cor- 
rcitponding,  thou;^)i  k-5s  prominent,  fold  known  iiit  the  «uieus  nrfiito- 
pftlpehrali*  inferior.  Benentli  it,  at  varying  distances,  there  in  a 
second  less  marked  fold  known  as  \.\\^  sufrua  paipebro-malarit.  The 
portion  of  the  upper  lid  above  the  superior  orbito-palpebral  fold  is 
known  us  the  orhiUd  portion  nf  the  lid,  whilst  the  broad,  elongated, 
curvilinear  area  abovo  this,  corresponding  in  position  to  the  upper  rim 
of  [lie  circufnferecice  of  the  orbit,  is  the  tUferciUarif  region.  In  this 
rrgidu  a.re  found  the  superctHa  or  fif/fbrow^,  which  consist  of  short, 
thick  hairs  that  are  directed  obliquely  np  and  out  and  then  down  and 
out  from  the  median  line. 

Far  to  the  nasal  side  of  the  free  border  of  both  the  upper  and  the 
lower  lids,  at  about  five  or  six  millimeters  (ihree-aixteeaths  to  one- 
fourth  of  an  inch)  distancr  from  the  inner  eanthiis,  there  is  a  small 
elevation  called  the  pnpilh  lacrtfmall$.  Upon  this  is  situated  the 
entrance  into  the  excreton,-  portion  of  the  lacrymal  upparatus — tlie 
punctum  lafrymaiis.  This  leads  into  a  minute  cnnnl,  known  aa  the 
canaiiru/ut  Uu-rymalix,  which  passes  through  the  substance  of  the  lid 
to  unite  with  its  fellow  and  empty  Into  the  temporal  aide  of  the  lacry- 
mal  sac. 

The  arterial  circulation  of  the  lids  is  chiefly  obtained  through  the 
na-io-frontal  branch  of  the  ophthalmic  artery,  which  subdivides  into  the 
superior  and  the  inferior  mcdiiui  palpebral  arteries.  These  branches. 
unaatoniosing  with  the  lacrvmal,  the  superficial  temporal^  and  the 
angular— en peci ally  tlie  last — form  a  series  of  loops  or  circles  around 
the  free  edge  of  the  lids. 

The  venous  blood  is  carried  off  through  the  superior  and  the  itiforior 
palpebral  veins,  which  are  connected  with  the  anterior  facial  vein  on 
the  meilian  side  and  with  the  facial  and  the  temporal  veins  \.n\  the  tem- 
poral side. 

The  motor  nerves  of  the  U(Ls  are,  with  the  exception  of  n  few  fibres 
from  the  sympathetic  supplying  Mueller's  muscle,  derived  from  the 
seventh  or  facial,  which  supplies  the  orbicularis  palpebrarum,  and  the 
thinl,  whieh  supplies  the  levator  palpebne  superiuris.  The  sensory 
nerve  fibres  are  offshoots  from  the  trigeminus. 

The  conjunctiva,  forming  a  sne  known  as  the  cfn^^unetival  tacy  and 
receiving  its  name  from  the  fact  that  it  in  reality  serves  in  great  meaaore 
to  join  the  lids  to  the  globe,  practically  divides  itself  into  an  upper  and 
a  lower  portion.  Racli  of  these  may  be  subdivided  into  a  tarsal  part, 
known  as  the  patp'-hrat  or  taraat  conjunctiva ;  an  ocular  part,  which  is 
termed  the  bulbar  or  ocular  conjunctiva ;  and  a  third,  ur  intervening 
orbital  portion,  connecting  the  two,  known  as  the  farnix  or  ainut 
conjunctivn. 
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Commencing  at  the  free  borders  of  the  lids,  and  reflected  into  the 
lining  membrane  of  the  dncts  of  the  Meibomian  and  lacrimal  glands 
and  the  lacrimal  canala,  it  extends  over  the  entire  inner  palpebral 
surfaces  from  the  upper  and  lower  cul-de-sacs,  and  is  reflected  over  the 
sclerotic  (known  by  some  as  the  scleral  conjunctiva),  just  in  front  of 
the  ocular  equator,  to  cover  the  anterior  face  of  the  eye  up  to,  at  times, 
slightly  beyond  the  margin  of  the  cornea.  It  is  continued  across  this 
portion  of  the  eyeball  as  an  epithelial  layer  alone.  At  the  cul-de-sacs, 
OT  folds  of  trarmtion,  the  membrane  becomes  thicker  and  forms  two 
folds  known  respectively  as  ihe  plica  palpehralis  euperioris  and  plica 
palpebralig  inferioria.  The  upper  is  much  the  deeper  of  the  two.  Near 
the  inner  canthus  there  is  a  thin,  almost  vertical  fold,  containing  at 
times,  according  to  some,  cartilaginous  material.  It  is  semilunar  in 
shape,  with  its  concavity  directed  toward  the  cornea.  This  is  known 
as  ihe  plica  Memilunarit,  which  is  considered  to  be  rudimentary  to  the 
third  eyelid,  or  membrana  nictitam^  as  seen  in  some  animals.  Just  at 
the  internal  canthus,  the  mucus  membrane  forms,  by  a  reduplication,  a 
small,  roundish,  pale-red  prominence  lying  on  the  semilunar  fold  and 
projecting  forward  toward  the  palpebral  fissure.  From  its  resemblance 
to  a  minute  piece  of  flesh  it  is  known  as  the  caruncula  lacrymalia. 
This  prominence  is  composed  of  a  congeries  of  follicles  which  are  some- 
what similar  to  the  Meibomian  glands  and  the  glands  of  Moll.  These 
are  bound  together  by  connective  tissue,  which  is  interspersed  with 
sebaceous  glands  and  fat-cells.  The  whole  is  covered  with  epithelium. 
OAea  a  number  of  minute  hairs  can  be  found  in  its  substance.  This 
fleshy  growth,  with  the  underlying  semilunar  fold,  rests  upon  the  tendo 
ocnli.  It  is  bound  rather  tightly  to  the  tissues  lying  beneath.  Super- 
ficially, it  encloses  a  small  triangular  area  at  the  inner  angle  of  the  eye 
which  is  spoken  of  as  the  lacus  lacrymalii. 

The  palpebral  or  tarsal  conjunctiva  is  usually  reddish-yellow  in 
tint,  the  red  hue  being  dependent  upon  its  minute  vascular  channels. 
It  is  attenuated,  translucent,  and  flrmly  adherent  to  the  overlying  tissue. 
Its  substratum  or  framework  consists  of  a  peculiar  glandular  connec- 
tive tissue,  which  becomes  reticulated  by  forcing  itself  between  the 
fibrillary  cellular  tissue  of  the  inner  surface  of  the  cartilage  and  the 
overlying  epithelium.  Coetaneous  with  the  appearance  of  the  adenoid 
tissue,  and  more  especially  at  the  outer  canthus  and  along  the  orbital 
edge,  definitely  outlined  excrescences  or  papillie,  ridges,  and  folds 
(SUidas  system  of  grooves^  which  are  not  well,  or  even  at  all,  seen  in 
the  young),  develop  irregularly.  The  epithelial  covering,  which  varies 
in  different  individuals,  is  composed  of  several  layers  of  cells,  the  most 
superficial  of  which  is  pavement-like  in  appearance,  whilst  the  deeper 
ones  are  generally  cubical  or  cylindrical  in  form.  Beneath  this  lowest 
layer,  and  tightly  adherent  to  the  tarsus,  there  is  a  thin  stratum  of 
fibrous  tissue,  which  becomes  looser  and  denser  at  the  fornix.  This 
epithelial  layer  is  said  to  be  rich  in  elastic  fibres.  In  this  fibrous  layer, 
immediately  underlying  these  excrescences  and  free  spaces,  and  more 
abundant  toward  the  orbit,  are,  in  older  subjects,  according  to  some 
authors,  a  limited  number  of  so-called  lymph  follicles,  said  to  be  like 
those  described  by  Bruch,  as  seen  in  the  eye  of  the  ox.     These  are 
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couiposeil  oF  Hinalt  rcntlces  sacules,  wliicii  coiituin  a  network  of  capil- 
Inrics,  and  are  infihrsteil  with  p&llJd,  roiinri,  nuclen.t«(l  cells. 

The  bulbar  or  ocular  coDJauctiva,  wKich  is  more  extensive  over  tbe 
su|)erior  portiou  of  the  anterior  face  of  the  ojreball,  is  very  pallid.  Id 
most  Cnucasian  subjects  it  presents  an  almost  wfait«,  traDsluc^Qt  ap- 
THwrance.  It  is  so  extretnely  tbin  and  so  lousely  attached  to  tbe  imder- 
ijing  Tenon's  capsule  that  it  is  fre-ely  mobile  over  this  membrane.  As 
it  pastes  toward  the  corneal  edge  over  the  front  face  of  the  globe,  ii 
becomes  increasingly  aillierent  and  thinner.  Near  the  bonier  of  tlie 
cornea  it  is  quite  dense  and  is  tightly  attached  to  tbe  sclerotic  »r  a 
broad  band,  which  la  two  or  more  millimetors  (one-twelfth  of  an  inch  or 
more)  in  width.  It  is  wider  above  and  below.  This  annulus,  or  ring, 
wbicl)  in  moet  instances  extends  beyond  the  oorneat  edge,  is  known  as 
the  limbtu  cor^^ttnctivtr.  or  Umhtu  comeir,  Tbe  conjunctiva,  now  re- 
duced to  its  epithelial  layer  with  an  extremely  thin  underlying  straclure- 
less  membrane,  forms  the  outermost  covering  of  the  cornea. 

The  entire  bulbur  conjunctiva,  according  to  mo9E  authors,  devoid  of 
glands,  excrescences,  rugie,  and  folds,  is  composed  in  greater  part  of 
suprrim}ioseil  plates  of  epithelium,  with  an  underlying  basement  mem- 
bmne.  The  portion  over  tbe  Rclerolic  is  sometimes  termed  tbe  nfleral 
conJuHcdva  in  contradistinction  to  that  which  is  over  tbe  cornea,  which 
is  ilc-signatcd  the  rarni'al  con^iunctiva. 

Tlic  conjunctival  cul-de-sacs,  or  jtahcbral  finutet,  are,  in  reality, 
exaggerations  of  tbe  taraal  portions.  The  papilla:  tn  these  situations 
are  more  numerous,  and  at  times  are  coalesced  into  fold-like  promi- 
nences or  plica.  The  connective-tiK<tue  material  is  also  coarser,  more 
widely  separated,  and  contains  many  bnndlejt  of  fine  elastic  6bros. 
Beneatti  the  epithelial  layer,  with  it*  outermost  cylindrical,  and  under- 
lying globular  cells,  a  few  large  glandular  structures,  theso-calle*!  «<•»«»- 
tubular  tflands  of  Krause,  are  found.  Especially  is  this  so  in  the  upper 
fornix,  in  close  proximity  to  Uie  orbital  border  of  the  tarsi.  These, 
which  are  much  more  numerous  in  the  upper  cul-de-«ac,  are  believed,  as 

[trevioudlv  explained,  to  poaset<s  many  of  tbe  anatomical  i\nd  pbyaio- 
ogicsl  characteristics  found  in  tlie  lacrymal  gland.  The  excretory 
ducts  of  tbe  Incrymal  gland  itself,  six  to  twelve  in  number,  pass 
through  the  tissues  of  the  upper  conjunctival  fornix  at  its  temporal 
part,  near  tbe  external  angle  of  the  eye.  This  portion  of  the  mem- 
brune  varies  greatly  in  sise  in  different  individuals,  being  much  larger 
and  deeper  su[>eriDrly  and  laterally. 

Tbe  vascular  system  of  tbe  conjunctiva,  which  freely  communicates 
with  that  of  the  Uds.  and  which  is  very  rich  in  blood,  obtains  its  arte- 
rial supply  from  the  ophthalmic  artery.  This  is  done  by  in«sins  of 
branches  from  the  lacrymal,  which  anastomose  witli  tbe  supra -orbital, 
tbe  palpebrals,  the  fi^mul  (one  terminal),  and  tbe  naso-dorsal  (a  branch 
of  the  other  terminal'),  with  some  small  twigs  fn>m  the  superior  and  the 
inferior  muscular  bmnches.  The  veins  which  return  the  blood  from 
these  tissues  are  tbo  many  small  tribntarieK,  more  or  le$«  corresponding 
to  the  arterial  brancb«s.  which  are  at  la.^t  received  into  the  ophthalmic 
and  facial  veios.  At  times  there  is  a  second  ophthalmic  trunk  formed 
bjr  the  aasociation  of  the  venous  branches  and  twigs  altuig  the  orbital 
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HvvT.  vrliicfa  either  connectts  witb  the  opIitiiHlmic  vein  proper  or  pursues 
an  iiiilividual  courBe  lo  the  correspo ruling  vavernouet  tiiiius. 

The  bnlbnr  portion  of  the  membrane  uromid  the  limhus  conjunctivie 
is  aha  supplied  hy  the  anterior  ciliary  arterica,  thus  offering  a  couipara- 
titelv  free  artorial  anastomosis  of  the  so-cnlled  anterior  conjunctival 
varrutar  tifttem  of  Van  \Voenlen,wiili  the  blood  whidi  circulates  in  the 
anierior  segment  of  the  glohe.  Mingleil  witli  the  .nuperliciat  veReels  can 
be  seen,  more  ad^antageouslj"  during  the  commencement  of  nome  aruie 
coiijnnctivnl  tnflammntion,  large  anastomosing  conjunctival  twigs,  which 
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are  outahoots  (the  so-called  potterior  voTtyunetiva!  vatcwlai'  fi/stem  of 
Van  Woenlen)  from  the  palpebral  arteries.  Intimately  itio)<culat,ing  ni 
tbe»e  points,  there  is  a  corresponding  series  of  fine  veins.  The  lymph- 
atics are  prevalent.  Thev  are  more  numerous  in  the  bulbar  ponton  of 
the  mctnbmne,  forming  nn  irregntar  annulua  nearihe  comenl  margin. 

The  nerves  are  the  pnlpebriil  offshoots  from  the  frontal,  the  lacrimal, 
and  theaub-iroclileiiris.  I'hesc  are  derived  from  the  lirst  division  of  the 
fifth  i«iir.  Tbey,  like  many  other  afl'erent  nerves  of  the  mucus 
uenibnines  in  man,  terminate  in  the  so-cBlled  gpIuTvidat  rnd-lmt/'ti 
(ehvtiU  eorputcUs)  of  Krause.  These,  as  con  be  seen  in  Fig.  IS.  are 
ComposeU  of  a  core-like  mass  uf  granular  tuatter  made  up  of  polygonal 
and  elongated  cells,  amongst  whicli  tire  the  single-or  branched  termina- 
tions of  the  axis-cylinders,  the  whnle  being  enveloped  in  a  connective- 
timae  capsule,  which  \&  practiciiilv  a  continuation  of  the  sheath  of 
Henle. 
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The  Itifvymtii  amoaratma  divitlefl  itadf  into  a  secretatj  ami  nii  ex- 
cretory portion,  lat  foroMT  eoosists  of  the  lacnrmal  glandi  ami  a 
nttmber  of  fulliclea  eitoaied  in  ihe  outer  part  of  the  superior  fornix.  The 
latter  is  made  ap  of  the  canalicult,  the  lacrjmal  sacs,  and  the  lacrytoo- 
nasal  ducts. 

The  lacrymaJ  gland  consistH  of  twu  tobntes — the  major,  or  superior, 
and  the  minor,  or  inferior.  Theso  are  separated  bv  a  thin  wall  of  f»^a 
that  arises  from  the  lerator  palp«bne  sapetioris  and  is  inserte^i  into  the 
temporal  edge  of  the  circnmference  of  the  orbit.  The  iolerior,  or 
smaller  lobule,  i^  known  as  the  acresMor^  tacrymai  fflangl.  It  rests 
upon  the  superior  ctil-ile&ac.  Tlit.- entire  gland  is  situated  in  a  depres- 
sion called  the  fQ»$a  iflattduli*  hicrt/m-iliM.  It  is  attached  to  the  peri- 
ostenm  of  the  temporal  extremtlj  of  the  apper  orbital  base,  just  inside 
the  external  anenUr  process  of  the  frontal  bone,  br  fine  fibrous  bunds. 
These  glands,  which  nre  enveloped  in  a  common  covering  of  connectire 
tissue,  and  ^urroanded  bj  nnmeruos  minute  racemose  structures  of 
similar  structure,  are  composed  of  akeoli  ftomewhat  simitar  to  those 
found  in  the  unlitiitry  acino-tubular  -olivary  glands.  The  larger  cluster  i« 
about  two  centimeters  (about  three-fuurths  of  nn  inch)  long,  ten  to  twelve 
millimeter*  (about  three-eighths  to  one-half  of  an  inch)  wide,  and  five 
millimeters  (about  three- sixteenths  of  an  inch)  thick.  Itisyelluwisb-red 
in  tint  and  almond<Iike  in  ^ape,  with  ita  concavity  directed  down  and  in. 
The  smaller  mass,  which  is  about  nne-half  the  size  of  the  main  gland, 
and  contains  aboat  one-third  its  volume,  i:^  tijEhtly  adherent  to  the  {kw- 
terior  portion  ef  the  upper  eyelid.  It  re«u  partly  upon  the  tipper  sur- 
face of  the  eyeball  and  partly  upon  the  upper  edge  of  the  fibres  of  the 
external  rectus  muscle.  i>n  account  of  the  reflection  of  conjunctiva 
separating^  in  measure  n  vmall  portion  of  the  anterior  part  of  the  gland 
firom  tlie  main  IxKiy.  the  moss  thrust  forward  is  sometimes  known  a.H  the 
palpebral  portion  of  the  laaymal  yland.  From  Iwth  lobules  com- 
Dtncd,  six  to  twelve  fine  tubules  pass  downward  and  forward  under  the 
mnciu  membrane,  to  perforate  the  upper  conjunctival  foniix  at  its 
outer  part,  through  six  to  ten  orifices  arranged  laterally.  Kach  duct  is 
compoised  of  a  basement  mcmbmne  witb  numerous  elastic  fibres.  Ipon 
the  inner  surface  of  these  there  are  Inyers  of  epithelium.  The  outer 
portions  are  covered  with  connective  tissue  which  contains  elongated 
nuclei.  Itj  some  it  in  thought  that  there  is  an  excretory  duct  connect- 
ing the  two  tubes  Othcn  assert  that  some  oi  the  secretion  finds  its 
way  into  the  lower  cal-de-isac  by  a  sepanite  and  special  system  of  dacts, 
wtucb  come  from  the  lower  outer  part  of  the  combined  gland. 

In  addition  to  these  struciures,  the  acino-tubular  glands  of  Kmuse. 
»iinate«l.  as  previously  described,  in  the  conjunctival  cul-tle-sacs.  with 
the  general  mucus  surfuce  of  the  conjunctiva  itself,  sMist  in  the 
lacn'mal  functiun. 

The  watery  secretion  having  scn-ed  its  purpose,  is  at  last  passed  into 
the  excretory  portion  of  the  apparatus.  This  part  of  the  mechanism 
commences  us  two  iniuute  whitish  openings,  known  as  xh^fuvcta  iaeri/' 
malia.  Each  is  placed  on  ilie  summit  of  two  small  elerations  (the  papillce 
ifu-n/in'ifia)  situated  on  the  free  margin  of  the  li<U  about  six  millimeters 
(one-fourth  of  an  inch)  from   the  inner  cantluis.     They  arc  known 
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rmpectir«\y  as  the  upper  and  the  lower  punctura,  the  latter  being  the 
t^muller  and  situated  cnore  to  t)ic  iein|K)nil  »]de.  Fussing  ilircetly 
from  these  orifices,  which  are  surrounded  hy  a  sphincter-like  bnnd  of 
muscular  fibre:*,  and  are  in  apposition  Kith  the  ocular  ^tobe.  ai'c  two  fine 
iDbuIes,  termed  the  eanaliculi  laaymahs.  The  lower  is  the  larger  in 
oilibre  and  the  shorter  in  length.  They  extend  respectively  op,  in  and 
down,  and  down  and  in,  to  converge  and  unite,  lis  nitiv  at  tiniCH  b»  neun  in 
other  excretory  channel*,  into  n  coiaraon  orifitw;  which  passes  directly 
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into  the  lower  outer  wall  of  a  receptacle  or  cavity  known  as  the  larry- 
mal  iac.  Their  liniog  mucus  nicmbruue  is  much  uiore  pallid  than 
liny  other  part  of  the  lacrvmni  iraci.  Aa  can  be  seen  in  tig.  19,  the 
htcrymal  sac  forms  an  irregularly  ovoid  cavity,  which  though  usually 
about  twelve  millimeters  (one-linil  of  an  inch)  in  length,  is  of  variable 
size.  laying  immediately  subjact-tit  to  the  fucial  integument,  it  is 
lodged  in  a  groove  situated  between  the  lucrynial  bone  posteriorly,  and 
the  nasal  process  of  the  superior  maxillary  bone,  aiiteriftrly.  I'mciicfllly 
serving  aft  a  receptacle  for  the  tears,  it  is  continue<l  below  into  the 
faeiyiao-natal  duet.  It  consists  of  n  lining  mucus  tnembrane  thrown 
inin  minute  valvular  folds  which  is  continuous  with  that  of  the  coo- 
I  juoctirs  and    the   pituitary  membrane  of  the  nose.     Covered  by  au 
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elastic  ribroufi  cimt.  nthich  is  closely  attacbed  to  the  UDiIerljin}*  perio»- 
team,  the  iThoIe  is  wivfired  jHwieriorly  with  a  tnuscle-^iruclurc  t*riiiL-<l  the 
iauoTQ/  the  lid.  Itia  crossed  anteriorly  by  a  fibrous  expazisioB  from  tb« 
tendo  oculi,  which  is  fastened  to  the  crest  of  the  ungual  bone.  Tfaeee  two 
structures,  with  the  orbicnlaris,  sen-e  to  keep  the  pancu  directed  agaitiHt 
the  globe.  By  many,  the  lining  membrane,  which,  like  that  of  the  duct, 
is  ibick  nnd  rich  in  vnscularity,  is  considered  to  be  ciliated  in  its  outer 
or  cylindric  layer. 

Tlie   lacrymo-nasal  duct  extends    irregularly    downward,   outward, 
:ind  backwiird  from  the  lacrrmal  sac  to  the  inferior  mcatu-sof  the  nose. 
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UtiUltl  pUSlUoa*  or  «na  «tid  otUI*.    lAatT.) 

As  can  be  seen  in  Fig.  19.  it  is.  with  tlie  sac,  about  twenty  to  twenty- 
four  inilliroeiere  (about  three-fourtlis  to  one  inch)  in  length,  and  from  three 
to  five  millimeters  (about  one-eighth  to  tbre^-sixteenibs  of  an  inch)  in 
diameter.  According  to  roost  authors  it  is  composed  of  nn  Intornal  layer 
of  ciliated  epithelium,  which  in  covered  with  a  fibrinous  iieriosteal  layer  of 
the  same  character  as  that  wliich  is  found  in  the  lacrymal  f=ac.  Over  tliia 
10  a  lamellatcd  pavement- epithelium  and  many  racemose  glands.  It 
lies  in  a  bony  canal  formed  by  the  Ucrymal,  the  superior  maxillary, 
and  the  inferior  turbinated  bone*.  Juat  after  it  leaves  the  Ucrymal 
MC  to  enter  the  osseous  canal,  it  is  thrown  into  several  folds.  Xarrow- 
tng  as  it  goet<  through  (he  bony  canal,  it  iigain  expan<k  imd  is  aguin 
thrown  into  folds  after  leaving  the  canal.     It  terminates  in  an  ova) 
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valre-like  orifice  which  pAsseB  directly  into  the  anterior  wall  of  the 
inferior  nasal  meatus.  Between  the  periosteum  and  the  mucus  mem- 
brane there  is  a  dense  venous  plexus,  which  plays  an  Important  role  in 
the  pathological  processes  of  the  apparatus. 

The  arterial  and  venous  circulations  are  mostly  carried  on  through 
minute  stems  fi*om  the  terminals  of  the  ophthalmic  and  neighboring 
vessels. 

The  nerves  are  in  great  measure  derivatives  from  the  infra-trochlear 
and  the  first  division  of  the  fifth. 

Fio.  21. 
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BelaUT«  poaltlouB  of  iDBerllons  of  the  straight  muscles.    (Malthneb.) 


As  shown  in  Fig.  20,  and  as  explained  on  page  29,  the  eyeball  is 
situated  in  the  anterior  portion  of  the  orbit,  and  occupies  an  excentric 
position  up  and  out.  Resting  on  its  soft  cushion  of  orbital  tissue, 
attached  anteriorly  to  the  broad  expanse  of  freely  yielding  conjunctivae, 
and  supported  posteriorly  by  the  stiff,  though  slackened  optic  nerve,  it 
is  capable  of  much  freedom  in  movement  by  a  set  of  long,  thin  muscu- 
lar  structures  which,  with  one  exception,  have  their  origin  at  or  near  the 
apex  of  the  orbit,  and  their  insertions  on  the  forward  portion  of  the 
globe. 

Commencing  with  the  most  important  and  most  powerful,  the  internal 
rectua  muscle^  which,  as  can  be  seen  in  Fig.  10,  arises  by  a  single 
tendon  conjointly  with  the  inferior  rectus  from  the  ligament  of  Zinn, 
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at  the  inDer  edge  of  the  orbital  border  of  die  <^tie  fetimao.  It  pMHS 
directly  forward  and  inward  along  the  orbital  wall  and  throa^  Ae 
cellalo-&tty  tissae  of  the  orbit.  Turaing  towards  the  mmtor  of  the 
globe,  it  pierces  the  capsule  of  Tencm  at  uis  iHunt  and  ftOowa  tfa«  eoo- 
vexi^  of  the  globe  aa  a  broad  tendinous  band  of  aboat  tan  mi&BBaten 
(tbree-eiriithB  of  an  inch)  in  width.  It  is  insntcd  into  the  sdnotie 
(as  can  he  seen  slightly  modified  in  Big.  21  *}  at  about  fin  and  a 
half  millimeterB  (three-sixteenths  of  an  indi)  from  the  imwr  border 
of  the  cornea.  The  centre  of  the  tendon  Is  on  a  Isrel  with  tiw  eeotrs 
of  the  cornea.  The  entire  length  of  the  mnsde  is  about  Ibr^  and 
eight-tMiths  miUimeten  (one  and  seven-dghths  indies).  As  it  panes 
forward,  posterior  to  the  globe,  it  sends  a  few  bands  of  eonneethre 
tissne  throagh  the  orbital  tissues  to  be  attached  to  the  imritrttimi 
Whilst  pursuing  its  way  al<mg  the  globe  it  throws  out  fiudal  prdkngt,- 
tions  into  the  capsule  of  Tenon,  these  being  partiettlarty  pnmouieed 
aroond  the  superior  and  the  inferior  border  of  the  insertions.  Its  oeakr 
snr&ce  is  covered  with  a  smooth  membranous  extenrion  <X  the  fibrous 
oiTelope. 

The  external  reetu$  mutele  is  the  third  longest  <^  the  entire  strai^t 
series,  being  abont  fortr  and  six-tenths  miUimeten  (about  one  and  threo- 
fi^artbs  inches)  in  length,  and  is  next  in  thickness  to  the  preceding  mnada 
It  arises,  as  can  be  seen  in  Fig.  16,  at  the  outer  bonier  <^  tu  mbitsl 
edge  of  the  optic  fcnvmen,  by  two  heads — the  upper  and  iht  lower.  Tb» 
latter  head  also  arises  in  measore  from  a  small  bony  prominenee  st  the 
infnifH-  border  of  the  anterior  lacerated  foramen.  Running  along  the 
temporal  wall  of  the  orbit,  the  muscle  reaches  the  equator  of  the  efobe, 
prorates  Tenon's  capsole.  becomes  tendinous,  and  cnrrea  around  the 
outer  convexity  of  the  eyeball.  It  is  insoted  into  the  sclerotic  at 
about  six  and  nine-tenths  millimeters  (about  one-qnsiter  of  sn  inch) 
distance  from  the  centre  of  the  outer  corneal  border,  by  a  band  of  nine 
and  two-tenths  millimeters  (three-eighths  of  an  indi)  in  width. 

The  im/frior  rtetm*  mute!*;  as  can  be  seen  in  Fig.  16,  arises  in  the 
hirsment  of  Zinn  in  conjunctimi  with  the  internal  rectos  mnsde,  at  the 
ir.ferior  bonier  of  the  orbital  maipn  of  the  vpae  (anmm.  It  passes 
^^vnward  and  forward  through  the  tissues  of  the  oibit,  to  curve  upon 
the  globe  and  penetrate  the  enrelopinc  capsule  in  ^e  ssae  manner  as 
the  previvMisly  de9cribe«l  straight  mvsdee.  It  is  oblM|udy  inserted  into 
the  sflrtotic  at  about  six  and  a  half  millimeters  (about  ooe-fonilht^an 
iiich  di5tani>e  to  the  median  side  of  the  anterior  rerticBl  meridiu  of 
;r.v  eye.  It  is  inserted  by  a  tendinous  band  vtf  about  nine  and  ei^t- 
:vr.:r*  millimeters  ^slij^hify  le»  than  three-eijihths  of  an  indi)  in  width 
»:  »>.>ui  five  to  se%-en  niillimeter^  (aKwi  ihrve^sixtecnths  to  sli^tly  less 
;>.ir.  >n(^t>iii>i  .-.f  »n  inch^  fi\^  the  lower  K^nkr  of  the  eomea.  The 
ex:;  m»:  » xtivmity  of  tho  tenvlimms  atiachniem  is  about  two  milliDeten 
T :-:»  ("fi^  .M"  an  mcb^  fiinher  Ivm.^\^  *i«n  the  eoraca  than  the  in- 
t:--.»\  Thr  eniJTe  leiiittb  of  the  mnw^e  i*.  as  noted  in  the  sketch, 
».  •■;::  :,..::  oer.:;n>ei.^rt    one  snd  lix^eifbtV.*  inehes*. 
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The  superior  reeiu*  mtuch  is  on«  of  the  thinnost,  the  longest  (fortv- 
on«  anil  eighMcnths  millimeters — slightly  more  thnn  one  ami  thrce-fifth« 
inches),  and  the  narrowest  in  places.  As  can  be  seen  in  Fig.  16,  it  takes  itn 
origin  from  the  superior  portion  of  the  ligament  of  /.inn,  and  passes  forward 
Bod  inward  at  about  an  angle  of  twenty  degrees  to  the  optic  axis  along 
ilie  orbital  roof.  Penetrating  Tenon's  capsule  ncur  the  ocular  equator 
and  giving  off  fa^tcial  prolongations,  it  follows  the  upper  convc-tity  of 
the  globe  to  be  obliquely  iuaerled  into  the  sclerotic  about  seven  t*»  eight 
Diillimeters  (about  aeven-t wen ty- fourths  to  one-third  of  an  inch)  from 
the  upper  cornea!  border  by  a  tendon  ten  and  six-tenths  millimeters 
wide  (slightly  more  than  three-eighths  of  an  inch),  which  has  its 
temporal  border  about  two  millimeters  (about  one-twelfth  of  an  inch) 
further  away  tVum  the  cornea  than  the  incernai  border. 

The  superior  obiu/ue  nr  trofrhlearit  ntu%r.le.  is  fudifnrm  in  shape,  ft 
aruieit.  am  can  be  seen  in  Fig.  \^,  near  the  orbitjil  apex,  just  up  and  in 
froto  the  position  of  origin  of  the  ferator  jmlptbra  txtyeriori»,  and  passes 
forward,  upwan),  and  inward  along  the  upper  inner  angle  of  the  orbit, 
to  cnrve  as  a  narrow  tendinous  c^rd  through  the  trochlea,  or  pulley, 
which  ia  situateii  in  a  depression  just  under  the  intcrnnl  angular  process 
of  the  frontal  bone.  After  leaving  the  pulley  it  expands  and  ia  reflected 
backward  and  outward  subjacent  to  the  superior  roetua  muscle.  It  is 
inserted  as  a  flat,  teiidinnus  l>and  about  hix  inillimeteri4  (nne-fonrth  of 
an  inch)  in  breadth,  into  the  outer,  upper,  and  ptwterior  part  of  the 
sclerotic  in  such  a  position  that  the  posterior  extremity  of  the  ocular 
insertion  w  sitnated  about  seven  millimeters  (about  seven -twenty-fourths 
of  an  inch)  up  and  out  from  the  [loint  of  entrance  of  the  optic  nerve 
into  the  globe.  K^  its  tendon  pn>Me<t  through  the  trochl ear-like  ring,  it, 
as  well  as  the  inner  surface  of  the  libro-cnrtilaginous  pulley,  is  covered 
with  a  thin,  delicate  fibrous  coat,  which  enctoees  a  fine  synovial  mem- 
brane. 

The  inferior  obliifue  muacle  is  also  thin  and  narrow.  It  takes  its 
origin  at  the  anterior  portion  of  the  inferior  internal  angle  of  the  orbit 
in  a  depression  in  the  superior  or  orbital  surtiice  of  the  superior  maxil- 
lary biuie  just  extertml  to  the  IjicryrtiHl  wniiil.  Parsing  for  five  or  «ix 
millimeters  (three-sixteenths  to  ono-ffmrth  inch)  distance  outward  and 
backward  along  the  orbital  floor  under  the  inferior  rectus  muscle,  it 
changes  its  course  upward  so  as  to  run  between  the  external  rectus 
musde  and  tbo  globe.  It  is  inserted  into  the  sclerotic  by  a  broad  and 
<:hort  tendinous  band  of  about  one  centimeter  (about  thn^a-eigliths  nf 
an  inch)  in  width,  just  beneath  the  insertion  of  the  superior  rectus 
le,  in  the  upper  posterior  portion  of  the  temporal  siile  of  the 
•.  The  posterior  and  inferior  ends  of  the  insertion  are  but  four  or 
ve  millimet«r8  (one-sixth  to  three-sixteenths  of  an  inch)  from  the  en- 
trance of  the  optic  nerve  into  ihe  globe. 

As  the  entire  group  of  muscles  pass  through  the  orbital  tissue  just 
anterior  to  the  ocular  equator,  they  present  in  cross  section  the  coiupar- 
aiivB  sixes  and  positions  as  shown  iti  Fig.  22.  At  this  situation  the 
internal  rectus  muscle,  shown  at  the  lower  4,  is  the  largest,  whilst  the 
inferior  rectus  muscle  is  the  next  The  superior  rectus  muscle  (8).  the 
inferior  obliquns  mascle,  and  the  levator  palpebne  (2)  arc  qaite  flat  and 
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thin.  It  can  n\ao  he  noticed  how  corapset  and  how  close  tbe  saperior 
oblique  in  tliis  position  (4)  lies  io  the  upper  inner  orbital  wall.  The  coni- 
pamttve  difTerence  in  site  between  the  internal  rectus  and  tbe  ejcternnl 
rectus  (1)  in  also  plalnlj  tnanifest. 

As  before  explained,  tbe  nenres  that  innervate  these  muscles  are  tbe 
third,  tbe  fourth,  and  tbe  sixth.  The  third  nerve  goes  to  the  internal, 
tbe  inferior  and  the  superior  recti,  and  the  inferior  obliijue.  The  fourth 
nerve  supplies  the  superior  oblique  muacle.  Tbe  sixtli  nerve  goes  to 
the  external  rectus  muscle. 

The  deep  origin  of  these  nerves,  Irom  which  nuclei  fibres  pass  to  the 
higher  brain-centres  in  some  portion  of  the  motor  area  of  the  cerebral 
cortex,  is  to  be  found  in  the  floor  of  the  aqueduct  of  Sylvius,  .\fterpaswng 
through  the  pes  pciluiiculi  and  encountering  (he substantia  nigra  and  red 
nucleus  of  the  tegmentum,  the  oculo-motor  nerve  roots,  as  can  be  seen 

yu).  SL 


// 


RoImUtg  potlUoiu  of  IbcoculftT  mixclea  jiui  ulterior  Ui  the  ocnltr  ei^iMtar.    (Mkkkkl.) 


in  Fig.  38,  epread  out  from  the  ihi<rk  nerve-trunk  to  form  a  scries  of 
nests  of  small  nuclei  which  bear  definite  relations  to  one  another.  Ac- 
cording to  Starr,  the  grouping,  commencing  anteriorly,  is  as  follows: 


SiititniSOTirti)!*. 
I^TKMr  piilpchni'. 
Reccu*  ttiti«n'Oit. 
ONtiOiwiiiferlof 


NUBctilaiclIlariB. 
HvoliiB  liifcTior. 


1= 


These  soreral  groups  of  multipolar  ganglion  cells  are  subdivided 
into  an  anterior,  uiediun,  and  posterior  nucleus.  The  median  nucleus, 
which  in  8«ppi>scil  to  belong  to  the  internal  rectus  niuHcle,  croases  the 
median  line,  an  aiii  be  seen  in  the  illustration,  to  connect  with  the  nuclei 
of  its  fellow,  us  well  as  with  the  nucleus  of  the  external  rectus.  It  is 
probable,  however,  that  the  variiius  nuclei  are  connected  in  due  propor- 
tion to  the  coiiibiued  physiological  workings  of  the  peripheral  muscles; 
thJA  being  in  measure  proven  by  the  facts  that  Edinger  has  recognized 
whole  series  of  longitudinal  fibres  subjacent  to  the  floor  of  the  fourth 
ventricle  that  seem  to  connect  all  of  the  individual  nuclei,  and  that 
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Spitska  hns  found  o  scries  of  snch  fibres  situated  anteriorly  wlitch  are 
crossed. 

Id  front  of  tlie  anterior  portion  of  the  aqueduct,  the  fuurth  nerve, 
as  seen  in  Fig.  23,  undergo^tt  decuiwation  and  enters  the  opposite 
half  of  the  floor  to  paits  to  its  respective  nuclear  nest. 

As  above  hinted,  the  nuclear  nidus  of  the  sixth  nerve  also  lies  un 
the  floor  of  the  fourth  ventricle,  juat  anterior  to  the  centre  of  the 
Dtedisn  line. 

We  now  oome  to  the  eyeball  itself.  The  most  external  coat,  the 
tcIeroticoT  tdera,  U  so  termed  upon  account  of  its  hardness.     In  fact. 


lii 


'  unit  fat     I 


I 

NnclMT origin  of  third  Knil  fthurlb  fwrvn;.    (EbntOKn.) 

it  18  the  skeleton  of  the  eye.  It  in  extt-emoly  tough  and  strong,  being 
the  thickest — one  to  one  and  a  quarter  millimeters  (onc-twcnty-fourth 
of  an  inch) — posteriorly,  and  the  thinnest — three-tenths  to  four-tenths 
of  a  millimeter  (le-ss  than  one-fiftieth  of  an  inch)  inimeilititcly  behind 
the  points  of  insertion  of  the  e.\ternnl  straight  muscle'*.  It  ie  compo:«ed 
of  »  dense  network  of  interlacing  bundles  of  white  fibrous  tissue  and 
elastic  fibres,  which  arc  mingled  together  with  a  number  of  minute 
nucleated  cells.  These  cells  are  of  the  spindle-ahaiped  variety.  At 
times  they  are  pigmented,  especially  in  the  negro.  Thesf  lie  in  cell- 
spaceB,  and  are  bound  together  by  a  homogeneoue  cement  which  holds 
B  STfltem  of  minute  and  irrc;^idar  lymphatic  clianncU, 

Porteriorly,  the  external   lavers  curve  circularly  around  the  optic- 
uerre  entrance.     Here  the  deeper  of  the  two  underlying  ones  passes 
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ijirectly  between  tlie  nerve  fibres  themselves  and  forms  a  sieve-like  mem- 
brane— tlie  lamina  erlhroaa.  At  tbis  point,  the  miiWIe  layers  coalesce 
with  the  sheath  of  the  optip  nerve.  Anteriorly,  aroond  the  litnbus 
corner,  there  is  a  similar  circular  snrics  of  the  inner  lircrs,  whilst 
other  fibres  pass  (iirectly  into  the  cnmea  and  arc  gradually  converted 
into  cornea]  tissue,  E<|HHtorial[y,  the  annular  character  of  the  pos- 
terior and  atiterior  fibres  becomes  less  and  letw  marked,  although,  as  a 
rule,  the  external  siriap  are  *aid  to  be  meridional  and  the  inner  one* 
equatorial  throughout  the  entire  coat. 

Kztertially.  the  surface  of  the  coat  \a  comparatively  smooth.  It  is 
separated  anteriorly  from  the  overlying  conjunctival  membi*an6  by  a 
looae  Iftver  of  connective  tiasue,  which  id  termed  by  some  the  epUeieral 
layer.  Thia  layer  becomes  much  thickened  and  increa.'ted  in  va-icularity 
around  thu  corneal  limbui!.  At  the  position  where  the  tendons  of  the 
extra-ocular  muscles  insert  themselves,  fine  fibrillar  prolonzations,  which 
perforate  the  sclenil  tissiie  at  acute  angles,  can  be  seen-  These  are  soon 
lost  to  view. 

Intemallv,  the  coat  is  travcrsM  by  a  serlcji  of  fine  grooves,  which 
are  intended  for  the  tranamiatsioii  of  the  eiliary  nerves.  Beneath,  there 
is  a  delicate  cudothelinl  lining  of  connective  tissue,  elastic  fibreA,  and 
variously  sized  pigmented  cells,  known  as  lb©  lamina  f\mui.  The  inner 
wall  of  this  lining  is  coated  with  cells  of  an  epithelial  type.  This  thin 
membrane,  which  generally  has  its  pigment  increased  around  the  inter- 
nal borders  of  the  optic-nerve  entrance,  forms  the  exteruul  wall  of  tlie 
so-cailled  perichorioidal  Itfmphatie  nfuirf-.  Anteriorly,  in  the  region  of 
the  ciliary  processes,  and  posteriorly,  around  the  optic  nerve,  the  entire 
coat  is  tightly  attachei)  to  the  underlying  chorioid.  Posteriorly,  about 
fifteen  to  eighteen  de-grce«  to  the  nasal  side  of  the  macula  Intea  and 
two  to  three  degrees  above  the  line  of  horizon,  there  is  an  aggregation 
of  u  series  of  fine  openings  in  the  sclerotic.  These  ure  comprised  in 
an  area  of  little  more  than  one  and  a  half  uiillimeteD*  (about  one- 
thirty-si.xth  of  an  inch)  in  diameter.  Through  ihem,  the  optic-nerve 
bundle  makes  its  entrance  into  the  globe.  In  the  centre  of  this  sieve- 
like  opening  there  is  a  larger  aperture  termed  the  porut  oplicut,  throagh 
which  tlie  retinal  vessels  make  their  way.  Besides  these  openings, 
there  arc  a  number  of  oanals  which  affon!  entrance  and  exit  to  vessels 
and  nervft*.  each  of  these  canals  being  surnmiidcil  by  a  layer  of  elastic 
fibres.  The  two  principal  vascular  circles  of  the  membrane  are  the 
poaterior  and  the  anterior  vascular  zones  or  circle*.  The  posterior 
surrounds  the  optic-nerve  entrance!.  The  anterior  encircles  the  cornea. 
The  entering  nerves  practically  occupy  the  same  position.  Between 
these  two  great  zones  or  circles,  the  texture  of  the  membrane  is  per- 
meated by  H  capillary  network.  It  is  perforated  at  points  with  small 
oblique  canals  which  are  intemled  for  the  transmission  of  deeper  pene- 
trating vessels  and  nerves.  At  the  equator  of  the  globe  are  the  open- 
ings for  the  vorticose  veins  of  the  chorioid,  the^o.  a<t  the  other  vessels, 
being  fAiclosed  in  their  respective  lymph-sheatha. 

Just  behind  the  corneal  bonier,  in  the  anterior  part  of  the  coat, 
there  is  an  annular  venous  plexus  lined  by  an  ehtstic  memhi-anc  of 
fine   filaments.     This   is   known   as   the   vmoita  sinus   of  Leber,  or 


HA,CROSOOI'10    AM)    MICROSCOPIC    ANATOMY. 


57 


8eUemm'$  canal.  It  contama  a  plexus  of  vessels  tbat  nnastomuse  with 
the  ciliary  reins  and  those  that  are  distributed  to  the  outer  scleral 
«ur&oa. 

The  trattaition  from  the  scleral  to  the  corneal  fibres  is  not  ahnipt. 
The  visible  line  of  union  is  more  peripherally  situated  at  the  internal 
surface  of  the  membriine  than  at  the  external.  This  gives  the  point 
of  juncture  a  hevelled  appearance,  wilh  the  sclerotic  overlapping  the 
comea  oti  the  outer  surface,  similar  to  that  seen  in  the  Biting  of  a  crystal 
ui  a  watch. 

Pro  31. 
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SeoUoual  view  ufcoTnc*.    (ftiHAEnai. 


The  cpi-nea  tot  peHuci'la),  as  can  be  seen  in  Fig.  '24,  is  ordinarily 
said  to  be  composed  of  five  strata  or  layers.  These  are  the  anteri>r 
ffiit/iriiaf  hiytr,  the  anterior  elattic  layer  or  Bowman  »  membrane,  the 
tiUf»tantia  /rrvpria,  the  poiteriar  elaattc  iayer  or  Veicemet't  membrane^ 
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and  the  po»t*rior  endothfJiai  laifer.  Ry  others,  tho  first  stratnin  in 
termed  the  coDJunctivnl ;  the  next  two  strata  are  eouiprised  under  the 
generic  term,  the  scleral;  whilst  the  foiirtli  ami  fifth  are  collectively 
Known  as  the  uveal  portion.  In  the  adult  eye,  its  horizonti)!  diameter 
is  about  twelve  millimeters  (about  one^half  inch)  in  length,  and  iu 
vertical  riiiLmeter  is  eleven  millimeters  (about  eleven-twenty-fourtJiB  of 
an  inch)  in  length.  lt»  aubs^ttknce  is  thinnest  in  the  centre.  As  can 
be  seen  in  the  profile  sketch  in  the  chapter  on  Physiological  Optics, 
the  curvature  of  the  anterior  surfnce  is  law  than  that  of  the  posterior 
surface. 

The  tissne  proper  of  the  cornea  is  directly  continuous  with  the  Hbres 
of  the  sclerotic.  Stretched  over  anteriorly,  and  separated  from  it  by  a 
thill  tumiiui.  there  is  im  epithelial  ltiyt<r  which  is  a  part  of  the  anterior 
layer  of  the  conjuncliva.  Spread  over  it  posteriorly,  there  is  an  elastic 
membrane  which  is  covereit  in  part  by  an  endothelial  layer  that  is  in 
reidiiy  a  modification  of  the  anterior  segment  of  the  uveal  tract, 
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Antortor  Oftltbcllal  t«yt)r  ol  wnim.   (ifUAiN.) 


The  anterior  epithelial  layer,  as  can  be  seen  in  Fig.  25,  consists  of 
several  strata  of  almost  transparent  nucleated  cells.  Those  are  filled 
with  a  watery  fluid  and  are  united  by  a  homogeneous  cement.  They 
decrease  in  tblckueas  toward  tho  centre  of  the  membrane.  Externally, 
they  are  very  fiat  with  a  discoid  nucleus  as  shown  in  the  sketch.  More 
deeply  situated,  they  become  polyhedral  and  spherical  with  a  spherical 
nucleus,  and  finally  sh<jw  themselves  as  columnar  and  cylindrical  with 
an  ovoid  nncleus.  These  last  cells  are  placed  perpendicularly  to  the 
surface  of  the  membrane,  and  have  fine  proloncalioaa  which  dovetail 
into  one  another  and  the  surrounding  tissues.  In  fact,  they  arc  the  foster 
cells  from  which  the  successive  anterior  layers  are  formed. 

Din-ctly  beneath  this  layer,  and  ralliLT  fi-eely  attjiehed  to  it,  there  is 
in  most  instances  the  so-called  Bowman's  m<^tnbrHne.  This,  aa  can  be 
seen  in  Fig.  24,  is  i^uite  eleac  and  but  little  fibrillated.  Posteriorly,  it 
is  rather  firmly  fa-^iened  to  the  underlying  layer  of  corneal  tissue  by  a 
nninber  of  slender  threads.  This  layer  is  denied  by  some,  who  suppose 
it  to  be  either  the  anterior  part  of  the  cornea  proper,  or  the  post-natal 
remnants  of  a  vascular  covering. 

The  stroma,  substantia  propria,  or  tissue  proper  of  the  cornea,  con- 
stitutes the  next  layer.     It  is  compose<l  of  some  forty  to  sixty  super- 
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'inpNfed  stiats  of  delicate  and  altcoet  trauBparent  fibres.  Tliese  are 
fonned  into  bundles  by  &  cementing  material.  Its  fibres  cross  one 
another  in  every  conceivable  direction  (eapecially  those  of  succeeding 
lavDr^i),  and  dip  into  the  subjacent  lamina.  They  become  smallest 
AAfi  most  oblique  as  they  approacli  and  penetrate  the  underlying 
membrane  of  Descijinet.  At  uinny  poiiiiH  they  leave  fuHifunn  !acun:p 
between  themselves,  which  nre  connected  with  one  another  by  means 
of  c&nsliculi.  In  addition  to  a  number  of  minute  wandering  cells  or 
leucocytes,  these  canala,  which  constitute  the  lymphatic  spaces  and 
canals  and  are  oontiuued  into  the  tissue  of  the  sclerotic,  hold  numerous 
fixed  squamous  cells  with  oval  nuclei,  which  arc  termed  the  rorneal 
corpxttftei'.  Arranged  in  most  instAnce*  in  nttworks  between  definite 
strata,  these  channels  bmncb  and  interlace  directly  up  to  the  corneal 
borders,  where  they  anastomose  with  the  true  lymphatic  vessels  of  the 
conjunctiva.  They  thus  carry  lymph  through  the  entire  part  of  ihi^ 
portion  of  the  cornea.  By  some  it  ta  stated  that  they  possess  a  definite 
membranous  covering, 

Btiieath  ibis  stnilum  comes  the  extremely  thia  layer  of  Denremet  or 
Demoura.  It  it)  tninspiirent,  horaogeneouH.  iind  clastic.  Thicker  at  the 
periphery,  it  breaks  into  a  system  of  fibres  which  pass  to  both  Schlemm's 
canal  and  the  iris  proper.  The  latter  grouping  is  generally  known 
as  the  itgamentum  pei'tinatum  iridU  or  siutpensory  figament  of  the 
irit.  By  some  it  is  asserted  that  there  is  u  special  central  series 
which  pass  to  the  anterior  part  of  the  ciliary  muscle.  Between  these 
combined  series  of  fibres  tliere  are  a  number  of  spaces  known  as 
Fontana's  spucm  or  favitieg.  which  are  said  to  be  in  conimunioation  with 
the  canftlicular  systems  of  the  cornea  and  sclerotic,  and  the  venous  sinus 
of  Leber. 

The  deepest  and  moat  internal  is  the  endnthelial  la^fr.  In  most 
instances  it  is  composed  of  a  single  stratum  of  somewhat  fattened 
polygonal  cells  with  a  lurge  round  or  ovoid  nucleus.  At  times  these 
cells  oontinue  along  the  pectinate  ligament  and  the  anterior  snrface 
of  the  iris. 

The  nutrition  of  the  cornea  of  post-natal  existence  is  carried  on  by 
meJtns  of  clear,  colorlc^  lymph  and  permeated  aqueous  humor.  The 
corneal  tissue  contains  bloodvessels  only  at  its  poripboral  border.  At 
this  portion  of  the  membrane,  the  capillary  loops,  which  are  derived 
mostly  from  the  anterior  ciliary  arteries  and  veins,  impinge  into  its 
•abstance  to  onlv  a  millimeter  (one-twenty-fourth  of  nn  inch)  distance. 

The  nerves  of  the  romen  number  from  thirty  to  fifty  main  stems. 
They  are  derived  from  tlie  anterior  ciliary  and  the  conjunctival.  The 
ciliary  branches  form  a  plexus  around  the  corneiil  border,  and  enter 
the  membrane  quite  posteriorly.  After  losing  their  medullary  sbeatlis 
and  becoming  transparent,  they  pass  directly  forward  in  special  ohun- 
ncls  to  be  distributed  to  the  various  layers  hy  means  of  *iiippriinposed 
networks.  The  deepest  branchings,  which  appear  in  the  .substantia 
propria,  aro  termed  the  deep  titroma  or  primary  pleTUn,  whilst  the  finer 
second  series,  appearing  heneatli  the  anterior  elastic  membrane,  is  known 
as  the  aupfrjiciat  stroma  or  gecondar^  pleziu.  The  third,  which  is  the 
most  external,  forms  a  network  in  the  midst  of  the  epithelial  layer. 
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Tbi8  network  h  deaignaced  its  the  intra-epiUidial  plexm.  Finallj, 
tliey  tevminaic  in  minuto  bulbous  expansions,  preaentiDg  the  same 
general  cbanicWristics  as  the  liirger  tactile  end-orgaDS  wbicli  lie  in 
subcutaneous  titisues.  Fig.  2C  slinws  these  various  piexuties  and  end- 
bulbs.  The  superficial  fibrillft>,  appearing  as  anafitomoses  and  escwn- 
sions  from  the  conjunctival  tieries,  arc  quite  few  its  compared  with 
the  posterior  scries.     They  are  very  minute  in  size. 

Tlie  (>(>  is*  practically  the  anterior  termination  of  the  uvea  or  w^al 
tract.  It  i.^  tJio  perforate<l  nirtain  of  lis^ue  which  In  suspended  in  the 
aqueous  humor.  Commencing  peripherally  in  association  wi^  the  cili- 
ary jnu!(cle  at  the  internal  wall  of  IScblemin's  canal,  jt  formB  itself  into 
an  annular  diaphragm  which  is  situated  juat  in  front  of  the  anterior  rap- 
8ul©  of  the  len«.  ExceulricalJv  placed  in  It  toward  tla-  nasal  side,  there 
is  an  opcfning  which  averages  about  three  to  three  and  a  half  millimeters 
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(slightly  more  than  one-eighth  of  an  inch)  in  its  horizontadl  iameter. 
This  is  termed  the  pupil.  Around  this  pupillary  area,  at  about  a 
millimeter  (about  one- twenty- four th  of  an  inch)  distance  from  the 
border,  an  irregular  concentric  line  can  be  recognized  in  the  substjiuc© 
of  the  iris  tissue.  Between  this  line  and  the  pupillary  edge,  a  series  of 
fine,  circularly  tendin;^  atriie  which  are  more  numerous  posteriorly,  can 
be  plainly  seen  in  the  iris  stroma.  These  constitute  the  muacular  fibre!} 
of  the  stphinctfT  iridi*.  Beyond  this  ring,  in  the  same  layer  of  the  iris, 
the  fltriaj,  which  are  now  more  deejilv  seated  in  it,  run  peripherally 
directly  out  to  the  ciliary  border.  By  some  tiiey  are  considered  as 
muscular  in  type,  and  by  others  they  are  denied  any  such  charflclcristica. 
Tliey  appear  to  arise  frtiiii  the  sphiiicter  by  a  number  of  overlapping 
fibrous  arches.  They  divide  into  a  superficial  and  a  deeper  layer,  to 
again  commingle  as  a  narrow  annular  network  at  the  ciliary  margin. 
The  more  anterior,  which  are  coarae,  appear  bifurcate  and  rejoin  in 
many  places.  The  deeper  ones,  which  are  more  slender,  pursue  a 
ainuous  coarse  to  the  periphery.     These  peculiarities  cause  the  tissue 
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to  appear  is  if  compoecil  of  itiDutucrable  strite,  pits,  iind  crypts.  Dis- 
tributed over  these,  there  is  a  vflr_Tinj»  amouut  of  a  brownish  pigment 
which,  hy  retmn  of  the  kwa  of  interferenco.  gives  the  iris  its  varied 
tiut&  Immediately  in  front  of  this  fibro-layer,  the  vascular  portion  of 
the  membmne  is  iiitnatect.  tluftt  nntcrior  to  this  is  a  fltmtum  nf  con- 
necting and  lymphoid  cellular  elements.  All  of  these  stratii  (the 
muscular,  the  vascular,  and  the  cellular),  belong  to  the  true  Hubalance  of 
the  membrane. 

The  BubetADLitt  propria  of  the  iris  is  more  or  Io«s  covered  with  u  deli> 
c&te  hyaline  layer  which  Js  continuous  with  tlic  cornea.  Over  this  there 
is  a  thio  layer  known  aa  the  anterior  endothelial  tayrr.  Immediately 
back  of  the  tissue  proper  of  the  iris  there  is  another  stnitiirn  of  hya- 
line matter  termed  the  mnwhrana  pi^menti.  This  is  suid  to  be  n  con- 
tinuation of  tlie  lamina  viti-ea  of  the  ciliary  procfsacs  and  the  chorioid. 
Posterior  to  this  layer  and  in  quite  close  apposition  to  the  lenscupsulc  at 
the  pupilUry  border,  there  is  a  membrane  which  is  popuUrly,  though  im- 
properlv.  known  sk  the  m'ea.  It  is  composed  of  a  couple  of  hiyera  of 
polyhedral  cells  which  contain  an  nvnl  nucleuA,  On  irs  bnck  part  it  is 
covered  by  &  layer  of  pigment.  This,  in  many  instances,  curves  around 
the  papillary  border  to  form  a  narrow  pigmented  rim  on  the  anterior 
portion  of  the  diaphrugm.  It  is  sometimes  deecnbetl  as  the  retiDnl 
portion  of  tbe  iris. 

The  main  arteries  of  the  iris,  which  have  their  middle  and  external 
coats  quite  thick,  are  situated  rather  deeply  in  the  stroma.  Arising  at 
ihe  periphery,  or  just  beyoml,  from  an  aTinuhis  formed  by  anastomoses 
between  the  long  and  the  anterior  ciliary  arlevies,  they  puss  centrally  to 
ibrm  a  smaller  and  more  superficial  circle — the  cin:ulu*  inditt  minor. 
Afl«r  becoming  capillary  and  forming  an  exceedingly  minute  plexus, 
ihey  become  venous  in  tyiw,  and  pursue  a  corresponding  reverse, 
though  more  posterior,  course  peripherally. 

The  lymph  channels  are  also  found  in  the  substantia  propria,  in  the 
vascular  walls,  nnd  in  the  connective-tissue  trabecuhe. 

The  nerve  supply,  which  is  abundant,  is  mainly  derived  from  the 
three  roots  of  the  lenticular  ganglion.  It  follows  the  vascular  channels. 
Tlic  sensitive  branches  tire  the  iwigs  from  the  ophthalmic  branch  of  the 
fifth.  The  motor  nerves,  which  go  to  the  sphincter  mu,icie,  are  deriva. 
tives  from  the  thini.  The  sympathetic  is  given  off  from  the  carotid 
plexus,  and  supplies  the  radiary  fibres. 

The  apace  between  the  iris  and  the  cornea  is  filled  with  aqueous 
bumor.  This  is  known  as  the  anterwr  chamber.  The  space  hetween 
the  posterior  surface  of  the  iris  and  the  anterior  portion  of  the  lens, 
which  i.>t  »Ikii  (it led  with  the  uqtieous  fluid,  is  known  us  the  pottrrior 
eh'tmhrr. 

Practiuslly,  a  continuation  backward  of  the  iris,  and  constituting  the 
secood  portion  of  the  uveal  tract,  we  find  the  expanded  cifinrtf  body. 
It  consist*  of  the  eilian/  jLirocfMo*  .ind  the  ciiiari/  mtisch.  The  former 
are  in  great  measure  in  immediate  juxtapoaition  with  the  vitreous 
humor.  They  are  coniprc&sed  into  an  annulus  nf  ulmoat  seventy-five 
t<»  eighty  raeridioniilly- placed  ridge-Uke  folds  {iXw pans pUcaUt).  They 
fake  their  origin  as  a  narrow,  smooth  ring  known  as  the  par«  non 


MAUROeCOPIO    AXD    HICROaC'OPlO   aNatomt. 


G2 


j'ti-aUi,  at  or  near  the  anterior  border  of  the  chorioid.  Kapidl  v  incr 
ing  in  height  at  this  poaiiioti  until  tliey  h&ve  roichcU  a  point  wl 
p(|iuvklrnt  to  the  equator  of  the  h^na,  thev  ftaditenlj  bond,  forward 
and  centrally,  toward  the  peripheral  bonier  of  the  irie  to  project  their 
free  extremities  into  the  poeterior  chamber.  In  texture  they  are  com- 
posed of  the  same  tissue  proper,  and  limiting  and  pigmented  membmnes 
ns  the  iris. 

The  posterior  portion  next  to  tiic  vitreous  is  knovrn  ms  the  htmma 
vUrea.  It  is  covered  with  n  hv»line  lajer,  which  la  a  somewhat  chick- 
ened proUm^tioii  of  that  of  tlie  iriB.  PoHterior  to  this,  just  a»  in  the 
iris,  and  thicker  nearer  the  chorioid,  is  a  densely  pigmented  membrane, 
nhich  is  composed  of  ovoid  cells  contninini;  brown  pigmented  granules. 
Overlviiif;  this  layer,  and  situated  directly  against  the  vitreous  humor, 
there  is  ft  stratum  of  anastomosing  granular  cells  uf  columnar  and  cubi- 
cal viirtely.  These  are  known  as  the  pam  eiiiaru  retina.  The  sub- 
stantia propria  or  stroma  of  the  ciliary  body  is  like  that  of  the  iris, 
composed  of  a  great  mass  of  muscular  and  connective  tissue  with 
numerous  irregularly  Mzal  and  pigmented  corpuscles. 

Tlic  un^triped  mi)JK-le  tii^ue  known  as  the  ciliary  muscle  arises  by 
II  short  tendinous  ring  from  the  pectinate  ligament  and  the  sclerotic. 
It  passes  backward  and  inward.  It  i»  roughly  divided  into  three 
pans — the  meridional,  the  radiatory,  and  the  so-called  annular,  the 
first  two  being  known  as  tlie  lentor  t^fiarioideft,  or  the  musrte  of  Briii^ke- 
or  Boxemam.  .\»  can  he  seen  in  the  sketch  by  Arlt.  in  the  section  on 
Accommodation,  the  first  i^  the  largest,  the  longest,  and  the  most  ex- 
ternal. It  lies  next  to  the  sclerotic,  and  pursues  a  course  longitudinally 
backward  to  give  a  stray  fibre  or  two  lo  the  sclerotic.  It  terminates 
in  a  broad  unci  irregulnr  tendinous  mailing  in  the  lamina  fusca  of  the 
chorigid.  The  second  is  less  compact,  radiates  more  toward  the  ocular 
centre,  and  distributes  itself  over  a  broad  fan-like  area  in  the  inner  por- 
tion of  the  ciliiiry  body.  The  third,  sumelimo*  known  ns  the  ^t'rfular 
mu*c/e  of  Miillcr,  forms  an  annulus  ilmt  is  concentric  with  the  ecjuator 
of  the  lens.  It  is  deeply  Imbedded  in  the  forepart  of  the  ciliary  body. 
Between  tliese  fasciculi,  as  in  the  iri!>,  the  connective-tissue  fibres  and 
coruuHCuhir  eleuicnts  of  the  stroma  can  be  plainly  se<>n. 

The  arterial  blood  of  the  ciliary  body  is  principally  carried  by  both 
the  posterior  ciliary  arteries  and  the  anterior  ciliary  artery.  The!*e  pass 
directly  through  the  ciliary  muscle.  The  venous  blood  is  mostly  dis- 
chargea  through  the  poaterior  and  the  anterior  ciliary  veins.  In  ihdr 
passage  they  are,  a*  in  the  iris,  more  deeply  situated,  and  are  not  practi* 
cnllv  interfered  wiih  by  contraction  of  the  fibres  of  the  ciliary  muscle. 
.  I'he  nerve  supply,  like  that  of  the  iriK,  includes  motor,  sensory,  and 
sympathetic  fibrt':!^.  It  is  in  great  measure  derived  from  the  shortciliary 
nerve*.  It  i«  in  intimate  association  with  a  localized  plexus  of  ganglion 
cells  in  and  around  the  ciliary  muscle. 

The  cftoroiil,  or  more  properly  chorioid,  is  the  broad  posterior  ter- 
niinnl  expansion  of  the  uv»>«l  tmct.  It  is  the  largei^t  of  the  three  sob- 
divisions  of  the  uvea.  It  extends  as  a  sheet  of  pigmented  and  vascular 
tissue  of  about  O.OS  to  ll.lrt  millimoters  in  thickness,  from  the  ciliary 
body  back  to  the  entrance  of  the  optic  nerve.     It  is  thickest  in  the 
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Deigbborb(MM]  of  the  optic-nerve  entrance,  ntul  grndually  linns  as  it 
extends  towanl  tlie  ciliary  bo<ly.  At  the  optir-nerve  entrance  it  re- 
solv««  jtDvlf  into  a  thin  atinului!,  which  sarroutids  the  so-called /oAU/Jtf/i 
opHeum  thorioiderp,  or  opening  in  the  membrane,  ifarough  which  the 
optic  nerve  enters — shown  at  0  in  Fig.  27. 

The  bulk  or  stroma  of  it»  liitjjue  is  known  as  the  tunica  vxucuhea 
ch'/rioidetr.  It  is  composed  of  several  layers  of  large  arteries  with  their 
«t«tn8  and  twig;)  and  veins.  Associiited  with  it  are  the  so-called  ateltate 
pigment  cells  and  elastic  fibres;  the  rale  being  thai  the  larger  veiwels 
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are  the  more  exiernfil.  By  some  it  is  claimed  that  there  are  One  muscle 
fibre*  extending  from  the  ciliary  body  back  to  the  optic-nerve  entrance. 
Internally  to  this  layer,  there  is  n  thin  layer  of  cnpillariefi  known  an  tlie 
mtmf/rana  Hut/nchiana.  This  is  nsunlly  flcvoiri  of  pi)rment,  iiiui  dis- 
appears as  it  approaches  the  cilitiry  body,,  .lust  us  with  the  ciliary 
body,  there  i»  a  biiMil  membnine  a^niti.st  the  vilreoiiu.  This  i8  lermed  tlie 
lamiua  rttrrti  ehonoLiittr  or  mfnthrnnr of  Ifrn'-h.  Although  it  is  sTiioother 
and  more  transparent  posteriorly,  it  is  covered  with  minute  elevations 
or  glands,  which  are  larger  and  more  pronounced  in  the  region  of  the 
ciliary  hodv.  Moet  externally,  aguinst  the  Kclerotio.  there  is  u  brownish 
pigment  layer.  This  is  kEtowitiL^  i\\v  *upra-ehoruHd^:a.  It  lic^  inwiit><li- 
\y  over  the  stroma  chorioideie. 
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As  explained  in  the  description  of  the  sclera,  there  is  «  delicate  tad 
atlherent  portion  known  as  the  iatnitia  fum-a.  In  fact,  the  entire  mem- 
brane, except  anteriorly  and  potiieriorlj,  is  msinlr  held  to  the  Bclerotic 
bv  the  vessels  and  nerves ;  this  adherence  being  especially  marked  in 
the  niaciilar  region,  where  numerous  minute  ve»3els  pass  between  tke 
two  oonts.  Internally,  at  tbiit  point,  the  attachment  of  the  cborioid  to 
the  retina  is  also  very  great. 

Just  behind  the  ciliary  body  all  of  these  layers  merge  and  inter- 
mingle. This  sitoation,  ati  shown  at  Of  in  Fig.  27,  and  which,  in 
reality,  is  the  locality  of  the  first  appearance  uf  the  muscular  elemeBlB 
of  the  ciliary  body,  is  lerined  the  wrAiru/us  i-iliarig. 

The  blood  supply  of  ilie  tunic  is  chiefly  obtained  through  the  short 
ciliary  arteries,  with  recurrent  branches  from  the  so-calle<i  long  anterior 
mid  posterior  ciliary  arteries.  Tliuti.  in  Leber's  diagrammatic  repre- 
sentation of  the  chorioifiiil  circnlation — shown  in  Fig.  27 — the  letten 
Af>  Ab,  situated  at  the  beginnings  of  the  system  of  half-tuned  lines 
near  the  optic-nerve  entrance  O  at  the  lower  jiart  of  the  figure,  repre- 
sent their  commencements.  It  also  shows  how  their  channels  becomr 
smaller,  more  numerous,  and  deeper  as  they  pass  forward  to  fonn  a 
uniform  network  of  capillaries  {tlic  ch&rio-eapUlariti)  in  the  vascular 
l»yer  of  the  tunic  and  extend  over  the  entire  chorioidal  area.  They  are 
extremely  minute  in  the  regions  of  the  macula  and  optic-nerve  entrance, 
at  -which  latter  point  there  is  an  antistomosis  with  those  of  the  optic- 
nerve  head,  as  can  be  seen  in  \Volfring's  diagram,  shown  further  on,  and 
as  can  he  seen  at  /  in  Fig.  11.  The  letters  AU  in  the  centre  of  Fig.  27, 
shows  one  of  the  long  ciliary  arteries  which  has  entered  the  chorioid 
near  the  position  where  the  short  ciliories  come  in.  Running  forward, 
as  shown  in  the  sketch,  the  artery  docs  not  bifurcate  until  it  nearly 
reaches  the  oni  Bcrrata.  Here  branches  are  sent  to  the  anterior  partof 
the  chorioid,  the  ciliary  body,  and  the  iris.  In  fact,  there  is  a  piwterior 
and  an  anterior  system  of  arterial  distribution  which  form  free  con- 
nection with  one  another. 

The  venous  blood  ia  carried  off  hv  the  four  v«n«  vorticosie.'  A  pair 
of  these  is  itsiially  situated  in  eaeli  inferior  and  superior  half  of  the 
membrane.  Their  relative  po."iitions  and  connections  can  be  under- 
stood by  reference  to  the  ones  shown  in  Fig.  27.  The  peculiarity  of 
distribution  can  he  comprehended  by  a  glance  at  Fig.  27,  where  the 
letters  Vt\  passing  to  the  dead-hlack  lines,  indicate  the  position  of  exit 
of  one  of  the  main  trunks  fiom  tlic  chorioid.  Here  it  will  be  seen  that 
these  main  trunks  arc  situated  at  the  ecjUator  of  the  globe,  and  that 
they  gather  the  blood  in  all  positions  thruughout  the  entire  membrane. 
Fig.  11  also  shows  this.  A  small  amount  of  venous  blood  pusses  out 
by  the  anterior  ciliary  veins.  .\]1  the  chorioidal  veins  possess  peri- 
vascular sheaths. 

The  nerve  supply  ia  by  the  cilinrics.  Both  branching  from  these  and 
independent  from  iheiu,  there  are  numerous  ganglionic  cells  and  pale 
nerve  fibres  which  are  found  in  the  stroma.  Especially  is  this  so  in 
the  chorio-capillaris  near  tlie  macula  and  optic-nerve  entrance. 

*  Al  Umc>,  titi  Mttwinl  «f  UfbnMlkiD,  ll)«w  vnmj  be  lis  In  Biirahitr. 
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Leaving  the  vaacular  coat,  we  come  to  the  cryatalline  lena.  It  is 
enclosed  in  an  elastic,  transparent,  possibly  striated  envelope,  which  is 
known  as  the  captule.  The  anterior  portion  of  the  capsule,  which  is 
the  thickest,  is  termed  the  anterior  captule,  and  the  posterior  half  is 
known  as  the  poaterwr  capsule.  The  anterior  portion  is  conveniently 
divided  into  a  central  region,  or  that  which  extends  around  the  anterior 
pole  of  the  lens,  and  tne  marginal  region,  which  is  peripheral  and 
extends  in  every  direction  to  the  equator  of  the  lens.  The  anterior 
capsule  is  said  to  be  lined  with  a  single  layer  of  clear  polygonal  endo- 
thelial or  epithelial  cells.  These  hold  oval  and  spherical  nuclei  that 
are  larger  in  the  central  portion.  They  elongate  and  become  more 
numerous  and  smaller  as  they  reach  the  marginal  portion.  They 
are  supposed  to  give  origin  to  the  lenticular  fibres  and  to  assist  in 
osmotic  action  between  the  lens  and  one  of  the  lymph  streams  in 
the  anterior  chamber  ;  this  being  indirectly  shown  post-mortem  by  the 
presence  of  the  so-called  liquor  Morgagnii,  or  fluid  formed  from  the 
intra-ocular  fluids,  and  a  granular  d6bris  found  between  the  lens  sub- 
stance proper  and  the  capsular  epithelium.  According  to  most  authors, 
the  posterior  capsule  is  devoid  of  an  endothelial  layer.  It  is  quite  thin 
and  delicate,  and  lies  in  close  contact  with  the  lens  substance  and  the 
vitreous  humor 

The  lens  itself  is  a  transparent  biconvex  body  which  measures  about 
eight  to  ten  millimeters  (one-third  to  three-eighths  of  an  inch)  in  diameter, 
and  three  and  a  half  to  five  millimeters  (one-eighth  to  three-sixteenths  of 
an  inch)  antero-posteriorly.  Although  ordinarily  increasing  both  in 
weight  and  volume  as  the  subject  grows  older,  it  weighs  about  two  hun- 
dred milligrammes  during  adult  life.  Its  substance  is  composed  of  a 
great  quantity  of  concentric  layers  which  are  roughly  divided  into  three 
portions — the  peripheral  or  external,  the  intermediate  or  middle,  and 
the  nuclear  or  inner.  Each  consecutive  layer  has  a  slight  though 
significant  increase  of  index  of  refraction.  The  average  index  is  between 
1.4371,  as  found  by  Helmholtz,  and  1.4545,  as  determined  by  Listing. 

Fig.  28. 


UexBgoiul  flbrea  of  crjBtalllne  lens.    (M^rtz.) 

Each  successive  layer  is  merely  a  suppositional  area  of  more  greatly 
pressed  and  elongated  embryonic  cells.  It  is  composed,  as  shown 
diagrammatically  in  transverse  section  in  Fig.  28,  of  broadened  hex- 
agonal fibres.  These,  as  younger  smooth-edged  cells,  in  the  cortex  or 
peripheral  portions,  contain  granular  nuclei  which  are  imbedded  in  a 
clear,  viscid,  albuminoid  material.  Toward  the  inner,  or  so-called  nuclear 
portion,  the  fibres  through  age  and  compression  become  more  and  more 
compact.  Here  they  are  somewhat  yellowish,  their  nuclei  gradually 
disappearing  and  their  edges  becoming  serrated. 
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A»  the  6bre8,  as  a  rule,  run  autero-poMeriorly,  anJ  a»  they  are  eul>- 
jected  to  greBt  preeaure  id  the  equatorial  regkio  of  the  lens,  th«ir 
extr<>mtties  ni<'et  nt  the  anterinr  and  the  }>of)terior  polen.  As  shown  ia 
Fig.  20,  they  form,  Id  the  vounc,  a  V-lIke  figure  in  these  situations,  the 
aiittrior  one  being  itiverteiL  In  mature  subjects,  the  principal  radii 
sohdiviile,  causing  numerous  sectors  who^e  apicea  are  ilirected  towards 
the  anterior  and  posterior  poles  of  the  Ions.  These  cells  are  cementol 
together  by  a  clear  homogeneous  substance  containing  the  so-calleil 
inter6brou8  channele  which  couiuiunicate  near  the  lenticular  etjttator. 

Resting  in  the  anterior  part  of  the  vitreous  or  so-ciilleil  hyaloid 
fontta  or  foua  pateilarit,  and  enclosed  in  its  capsule  and  touching  the 
posterior  portion  of  the  iris,  the  letis  is  held  in  position  by  the  eiisp'-naon/ 
ligament  a/  tfrr.  i^nn  or  llie  zone  of  Zinn.  This,  after  arising  near 
the  region  of  the  ora  serrata  from  the  hyaloid  meuihi-ane,  and  receiving 

Fia.  }». 


Secbiis  In  r-rptetUuc  len^    iTwin.) 

fibres  mostly  from  the  elevations  of  the  ciliary  processes,  divides  into  n 
seriee  of  fan-Uke  radii  to  he  irregularly  inserted  hy  thi-ee  great  groups 
into  the  posterior  capsule,  the  circumference  of  the  lens,  and  the  anterior 
portion.  It  thus  leaves  a  triangular  spnce  between  the  two  portions, 
which  is  traversed  by  numerous  interlacing  fibres.  This  space  is  known 
as  the  pfrilenttcuhir  nfiat^e^  whilst  the  area  between  the  fibres  of  the 
zonuhiand  the  eijuator  yf  the  lens  is  termed  the  f(i7i(i^v?'/*f;if,  Behind 
the  posrerior  wall  of  the  zonule  and  the  undurlyiiig  vitreous,  there  is  a 
supposed  small  annular  space  known  an  x\\e  canal  of  JTatmover. 

In  post-natal  existence,  the  crystalline  lens  is  devoid  of  bloodvessels 
and  nerves,  receiving  its  nourishment  by  osmosis  from  the  intra-ocular 
lymph  streams. 

Immediately  behind  the  posterior  capsule  of  the  lens  and  contained 
in  the  space  otherwise  bounded  by  the  suspensory  ligament  of  the  lens, 
the  poeterior  portion  of  the  ciliary  budiee,  the  retina,  and  the  optic- 
nerve  head,  there  is  a  dense,  gelatinous,  transparent,  and  almost 
structureless  body  known  as  the  rttreoae  humor.  According  to  most 
authorities,  it  is  enclosed  in  a  membranous  sac  known  as  the  hifah,%d 
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membrane.  At  the  optic  nerve  this  sac  turns  in  upon  itself  and  runs 
forward  to  the  posterior  capsule  of  the  lens  to  form  the  lining  wall 
of  a  transparent  canal,  known  as  the  canal  of  Cloquet  or  Stilling,  which 
in  ante-natal  existence  lodged  the  hyaloid  artery.  The  area  of  this 
canal  at  the  optic-nerve  entrance,  which  is  about  two  millimeters  (one- 
twelfth  of  an  inch)  in  diameter,  is  termed  the  area  of  Martegiani. 
Adherent  posteriorly  to  the  optic  nerve  in  this  area,  and  fastened 
tightly  anteriorly  to  the  ciliary  bodies  by  a  aeries  of  plications,  it  forms 
a  slight  though  firm  rim-like  attachment  to  the  posterior  capsule  around 
the  rim  of  the  canal  of  Cloquet. 

The  humor  itself  is  said  by  most  authorities  to  be  arranged  in  seg- 
ments and  concentric  layers,  which  are  probably  somewhat,  though  of 
course  relatively,  similar  to  those  of  the  lens.  It  is  a  viscid  and  jelly- 
like mass  containing  all  manner  of  clear  gelatinoid  cell-forms,  which, 
according  to  some,  possess  the  power  of  amoebiform  movements.  These 
celts  are  better  marked  and  less  crowded  together  in  the  peripheral 
portionB  of  the  humor. 

Just  as  the  lens,  the  vitreous  is  utterly  devoid  of  bloodvessels  and 
nerres.  According  to  some,  it  derives  its  nutriment  in  part  from  a 
Bjaton  of  minute  tubular  processes  which  are  situated  in  the  ciliary 
Dodr  and  uveal  tract. 

ne  now  come  to  the  first  of  the  sentient  structures.  This  is  known 
as  the  re<tmi.  Spread  out  over  the  chorioid  from  its  fastening  at  the 
<Km  serrsta  in  front  to  its  second  principal  point  of  fixation  at  the  optic 
nerre  entrance  at  the  back,  and  held  to  a  greater  or  less  degree  in 
pontion  by  the  supporting  vitreous,  this  broad  sheet  of  nerve  material 
praetieally  serves  as  the  sensitive  plate  of  the  ocular  camera.  As  shown 
in  fig.  w),  it  consists  of  nine  closely  united  layers  with  a  special  one  of 
pigment  (seen  at  k),  which  is  spread  out  over  and  tightly  adherent  to 
the  outlying  chorioid. 

Beginnmg  internally  at  the  vitreous  humor,  we  first  encounter  one 
of  the  ordinary  endothelial  linings  that  are  so  prevalent  in  the  deeper 
tunics  of  the  eye.  It  is  here  known  as  the  membrana  Umitan»  interna. 
This,  which  is  very  thin  and  lies  in  close  apposition  to  the  hyaloid 
membrane,  extends  over  the  whole  retinal  sheet.  By  some  it  is  said  to 
be  continuous  anteriorly  with  the  par»  ciliaris  retince,  at  which  place  it 
becomes  denser  and  thicker.  Its  external  surface  is  irregular,  and, 
from  it  numerous  fibres,  known  as  the  limitary  fibres  of  the  retina,  pass 
into  the  deeper  structures  of  the  entire  tunic,  as  shown  at  a  in  Fig.  30. 
Frequently,  minute  isolated  nuclei  connected  by  filiform  fibrils  can  be 
seen  within  its  substance  between  the  various  stnse.  These  become  less 
and  less  pronounced,  and  the  fibres  become  more  and  more  obliquely 
placed  as  they  approach  the  ciliary  region.  These  connective-tissue 
fibrils,  seen  at  I  in  the  illustration,  now  generally  known  as  the  fibres  of 
Muller,  and  which  in  fact  help  to  support  and  to  keep  the  superim- 
posed layers  and  individual  nerve  fibrils  in  position,  really  go  quite  a 
distance  into  the  nervous  sheet.  They  form  loops  and  name-shaped 
expansions,  as  seen  in  Fig.  30,  in  the  internal  limiting  membrane, 
except  in  tbe  macular  region. 

Overlying  this  endothelial  sheet,  the  optic-nerve  fibres,  which  are 
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ideDtical  wiili  tbe  pule  fibre?  of  the  brain,  first  innnirest  ihemselves. 
Hero  ihev  »re  so  numeroua  and  so  large  that  this  portion  o(  the  mem- 
brane is  known  as  the  second,  or  nervr-jihre  layer.  This  \ayer  is,  as 
seen  at  h  in  Kig,  30,  the  lateral  pxpfinc*i(m  of  the  individnal  fibres  diit 
have  Apreud  out  in  a  definite  anatotnical  manner  from  the  optic-nenre 
entrance  over  the  entire  membrnne  as  far  forward  at  ninnjr  points  as  the 
ors  sermni.     They  unite  into  variously  sized  fasciculi  that  are  held  ui<l 


bound  tf^ther  as  shown  in  Fig.  .tO.  Devoid  of  their  opaque  coverings 
iifler  leaving  the  Inminn  eribn>t<u  of  the  optic  nerve,  they  pursue  tlteir 
way  as  axis-cthndcrs  ihnt  are  connccteil  in  places  with  some  neuroglin. 
At' the  external  surface  of  tlip  layer,  the  individual  fibres  immodiMcIy 
turn  at  risht  angles  and  prnetnue  into  the  membrane  as  ganglion  cells 
nnil  gntriular  layers.  Herv  they  terminate'  in  clnb-lrke  extremities 
which  dip  more  or  loss  into  an  albuminoid  secretion  |)opulurlv  known 
as  the  ri'«Mu/  yitrpie.  The  variations  of  these  fibres  as  they  pass 
exiernally  to  iheir  biicillari--like  terminations,  are  «o  consCaot  and  90 
regular,  that  ihoy  form  definite  layer-like  peculiaritica,  thus  giving  rise 
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to  certain  expressive  groupings  wliicK  are  specially  named.  For 
mstaacef  immeiliat^ly  after  t)ie  hen<]ing  of  the  fibre  it  becomes  en- 
Urged  and  globular.  In  fact,  it  becomes  a  ganglionic  cell,  thus  giving 
riae  to  the  third,  or  ganglion- ceil  latfer.  This  layer,  shown  at  c  in  Fig. 
30,  is  compoeod  of  variously  sized  and  difftrcntly  developed  multipolar 
and  nucleated  granular  bodiea.  liki-  those  found  in  the  uerebruni.  These 
tixe  bound  together  at  many  p1a(T»  liy  Miillpr'.'i  (ihrr^  although  at 
points,  there  are  spaces  through  which  some  seemingly  n  on -gang  I  ionic 
fibrils  make  their  way.  Curiously,  the  larger  the  cell,  the  more  periph- 
erally is  it  situated  in  the  retina,  the  smaller  central  ones  being  con- 
densed  and  more  compact.  From  the  external  portion  uf  each  ganglion 
cell,  a  parent  trunk  is  given  off  which  dividcH  into  several  tree-like 
branclieK  that  go  to  form  the./<""''A.  yr  intrrnfil  moffcul'tr  laj/rr.  This 
layer,  whicli  is  designated  liy  a  numberof  names,  most  prominent  being 

^rhc  fjranular  or  internal  refi'-ular  layer,  is  seen  at  d,  in  Fig.  JiO.  It  is 
practically  compoeed  of  a  great  number  of  fine  fibrils  that  are  packed 
together  longitudinally  in  such  a  manner  that  in  section  they  appear 
Ifltt  mi nuM  molecules,  in  which,  at  limot*.  barely  visible  nuclei  can  be 
reoognized. 

Punniing  ita  way  more  exteriorly,  the  nervo  fibre  again  becomes 
enlarged  into  an  almost  transparent,  irregularly  sliaped  body  that  is 
granolar  and  contains  nucleoli.  The  entire  layer -grouping,  a  section  of 
which  is  shown  at  c  in  Fig.  80,  now  forms  whn-t  is  known  as  the^lA,  or 
intirrnal  nuclear  or  itifernal  <p-ann(ar  layer.  Each  nuclear  cell  is  furnished 
with  an  external  prolongation,  which  extends  to  the  next  outermost  layer, 
thus  making  it  bi-jiotar.  ^u■ii  as  in  the  prtrviotiB  layer,  there  is  an  abund- 
ance of  the  ratliatiii^fibrcis,  which  are  intei-iiiinglcd  with  thv  stems  of 
(he  nucleated  cells.  The  whole  is  bound  together  by  n  dear,  gelatinous 
supporting  cement.  Although  the  exCernHi  nerve-fibril  stem  is  much 
the  shorter,  yet  it  is  sulhcienl  to  give  rise  to  a  layer  that  is  very  much 
like  the  one  produced  by  the  opposite  or  internal  fibril  of  the  bi-polar 
cell — i.  e.,  the  internal  molecular  layer.  Upon  account  of  this  rcsem- 
blaoCe,  therefore,  and  by  reason  of  the  more  external  situation,  it  is 
describeil  as  the  «i>M,  or  external  nutkrular  lat/pr  (shown  at  /]. 

The  fibres  again   becoming  granular  in  type,  though  smaller  than 

were  found  in   the  internal   granular  layer,  a  new  layer,  terme<I  the 

srvi'nik  or  external  ffrnnular  I'tt/er,  or  the  external  nuclear  laffn\  is 

formed.     It  is  very  dense  and  coiDipacl,  being  composed  of  fine  nuclei 

_  or  granules  of  various  »hape-^.  as  shown  at  g,  in  Fig.  Si),  h  divides  itself 

Kint<i  an   external  stratinn,  which  i^  in  main  compasod  of  the  nuclei 

■  belonging  to  the  retinal  cones,  and  an  internal  stratum,  which  is  COQ- 

t  nected  with  the  retinal  rods. 

The  next  layer,  the  eighth,  or  txtermil  limitiny  membrane,  seen  at  A, 

fFig.  '30,  is  practically  the  external  limit  of  the  connective-tissue  fibres 
i&na  membranes  which  have  given  support  to  the  various  neural  layers 
just  described.  It  is  composed  of  a  narrow  stratum  of  line  interlacing 
fibrils,  with  interstices  through  which  the  neumt  elementa  are  permitted 
to  pass  into  the  layer  beyond.     It  t^erves  as  a  meshwork  of  binding- 

together  tissue  by  which  the^ several  layers  are  held  in  cIosl'  appoHitiori. 

I      The  nerve  elements  passing  through  the  fenestrate*!  external  limiting 
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membrane  nt  last  rc>iich  their  rod  and  bulb-like  terminitions  (t,  in  Fig. 
3U)  in  the  niiithy  or  bti\-illar^  lajfer — the  hyer  of  rodt  and  ronet.  Tbe 
rods — ihe  longer  of  the  two — dip  into  their  bath  of  visuftl  purple,  held  in 
the  more  external  or  pigment  layer  of  the  retina,  Each  rod  is  a  more  or 
ICfW  strsight  cvliniler  w-hich  is  diviilcd  into  ft  nitlicr  narrow  external  seg- 
ment that  IK  Hpp»renlly  compnsed  of  superinipojted  disks,  and  a  broader 
internal  segment  which,  ultliough  simtlnrly  marked,  is  much  denser, 
finely  fibrillated,  and  not  so  liable  to  longitudinal  cleavage.  The  ponen. 
which,  like  the  rods,  are  divisible  into  two  segments,  are,  »»  name*!, 
coniform  in  shape.  Here  the  more  internal  se^nent  is  liie  broader  anil 
the  longer  of  the  two.  Both  scries  of  nerve  terminations,  then,  are 
practic^ly  either  a  cylindrical  or  u  conical  expansion  of  the  filameot 
of  ncnnil  tissue  that  is  surrounded  by  a  protective  and  an  isolatinm; 
membrane.  Between  these  bacilli,  there  are  fine  processes  which  arise 
from  the  pigment  cells. 

Forminu;  u  matrix  or  bed,  into  which  the  bacillary  tips  of  the  nerve 
clcnionts  dip  into  a  contained  pigment-malcriaJ  known  as  the  visual 
purple,  the  fenfA,  or  tay^r  of  pitpn^nt  evithfUum  {k,  in  Fig.  30),  is 
next  and  lastly  found.  It  consists  of  a  thin  sheet  of  irregularly  poly- 
hedral or  more  or  less  hexagonal  cells  of  nucleiir  type.  The  outer 
or  chorioidal  portion  of  the  cell  is  almost  clear  and  is  nearly  devoid 
of  pigment.  The  inner  or  retinal  part  is  packed  with  a  granular 
pigment  which  is  similar  in  tint  with  that  of  the  uveal  tract.  These 
cells  are  c«meuted  together  by  a  bomogeneous  intercellular  materia). 
They  are  more  numerous  and  more  clnt^ely  adherent  to  the  layer  of 
rods  and  cones  tmnie^liately  behind  the  foi'ea  centralis  than  at  any 
other  part  of  the  membrane. 

The  visual  purp{'\  or  viaual  rote,  as  it  is  at  times  called,  is  an 
Albuminoid  secretion  which  is  suppoised  to  be  limited  to  the  outer  seg- 
ments  of  the  rods.  It  is  practically  a  sensitive  nhoto-diemicftl  m&terial 
of  a  purple  tint,  which,  when  expoMd  to  llght-stimulits,  as  will  be 
explained  in  the  next  chapter,  heromes  rapidly  hle«cheil. 

The' retinal  sheet  is  not  of  e<jmil  thickne«i  throughout  it*  extent, 
becoming  very  much  thinner  toward  the  ora  serrats.  As  this  point  is 
approached,  the  neural  elements  terminate  irregularly.  The  connective- 
tissue  fibres  continue  forw&ni  as  nuclear  and  almost  transparent  columns. 
The  thickest  portion  of  the  retina  is  near  the  opiic-Dcrve  entrance. 
About  two  and  a  half  mtllimoiers  (one-twelfth  of  an  inch)  to  the  tem- 
poral side  of  the  optic  disk,  there  is  situHte<l  a  horiiontal  oval  area  of 
about  two  or  three  millimeters  (ime-iwelfth  to  one-eighth  of  an  inch) 
in  nte.  This  is  known  as  ihe  m-icula  lmt*it.  It  receives  this  name 
firom  the  fact  that  it  becomes  yellowish  immediately  after  death.  At 
this  portion  of  the  fundus  oeuli.  the  membrane  rises  into  a  mound-like 
eminenoc,  which  contiuiu!>  a  deev  depressiou  known  as  the  fovea 
mtratu  rttimr.  This  depression  is  the  thinnest  portion  of  the  central 
are*i  of  the  entire  retinal  sheet.  Fig.  31  gives  an  excellent  ide*  of 
what  is  uiennt. 

Here  it  can  be  seen  how  the  several  layers  of  the  retina  become 
roiiiprrssed  at  tlie  fovea.  Here  the  optie;nerTe  6bre  layer  disappears 
and  the  cones  bec^une  incrcastsl.  elongated,  and  thinned.     In  bet,  ih^ 
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nennil  elements  incrcAse  enormously.  In  tliis  region  tlie  rods  are  want- 
ing, MilDer's  Kbres  lose  their  Qamc-abajicd  expansions,  ami,  acvortling 
to  some,  several  layers  of  bi-polar  ganglionic  cells  iippciir.  This  He- 
}jr«88ion  is  geiieniUy  liorizontal-oval  m  shape  and  about  two-tentlis 
of  a  uiilliuieter  in  its  long  ilinmeter.     It  h  not  apparent  at  birth.     The 
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H chromolithographs  illustrating  the  normnl  fnnttnn  of  the  eje,  show  these 

■  peculiaritie!!'  as  they  appear  through  the  ophthalmoscope. 

W       The  nerve  fibrea  themselves,  nfter  entering  the  interior  of  the  globe 

through  the  optic-newe  entrance,  distribute  ihemsflvca,  as  a  rule,  over 

the  retinal  plane  in  a  driiniie  ninnner.    By  n^ference  tu  Fig.  32  it  will 

be  noticed   that  there  are  practically  two  area*  of  distribution.     One 

no.fls. 
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•mailer — springs  from  a  small  portion  of  the  fibres  at  the  tcm- 
[^liortiun  of  tho  diek.  Its  fibres  pai^s  in  progreesivety  leugthetiiiig 
eaires  to  the  macular  region  and  the  poriphoral  horii^onud  portion 
berond.  The  other — a  larger  area  coming  from  the  remaining  major 
p&rt  of  the  disk — passes  radially  lo  all  the  rest  of  the  membrane.  In 
this  distribution  the  niisal  shoots  are  the  i^bortest,  and  the  superior  and 
inferior  t«mporal  stems  the  longest.  Although  the  macular  fibres  are 
the  most  numcrouft — in  fact,  constitutingat  least  one-fourth  of  the  entire 
retinal  fibre  distribution — ^^vet  tb^^e  fibt'ee  are  the  thinnest  and  the 
finest. 
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TJie  arterial  supply  of  ilie  rctmB  is  mainly  accomplished  by  tl»e 
central  artery  yf  tlie  retina,  ihere  fre(|uently  being.  a8  shown  in  Fij. 
38,  an  unasloniiHuiH  with  the  pluirl  ciliiiry  vvhi^cIh  lU'nr  the  nniic  disk. 

Ophthnlmoscopically,  the  main  nrterinl  trunk,  as  explnineii  further  tiiL 
bifurcates  into  several  branches  after  pursuing  its  way  through  the  heail 
of  the  optic  nerve.  Extremely  uncertain  in  its  position  of  entmnreoa 
the  disk  and  variable  in  llie  situation  of  its  primary  biancbing,  it,  u  a 
rule,  divides  iuielf  into  ii  «uperior  and  hii  inferior  branch,  which  sab- 
divide  into  nnsal  and  temporal  sipins.  Tlitse  arc  respectively  known, 
m  shown  in  Fig.  S4,  as  the  superior  nat<«i  {anx),  the  HUperior  teuipotal 
(atn),  the  inferior  nasal  (<iTiO,  and  the  inferior  temporal  {<tti)  hranclitfl. 
in  some  instances,  as  can  be  seen  in  the  same  figure  at  ame,  there  are 
a  few  small  medial  bmnchca  which  pass  directly  out  into  the  nasal  side 
of  the  retina,  Generally  there  are  »  couple  of  rather  larger  stems  that 
appear  at  the  temporal  portion  of  the  disk  and  pass  almost  directly 
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horizontally  out,  to  curve  around  and  in  the  macular  region.  These 
latter,  which  are  known  as  the  vnaeif/ar  arteriet,  are  seen  at  nw  in 
Fig.  :J4. 

These  main  vessels,  as  a  rule,  occupy  the  nerve-fibre  layer  of  tJie 
membrane,  whilst  their  cnpillary  oiTehoots  puss  at  right  angles  to  the 
parent  stems  as  far  externally  as  the  inner  granular  layer.  This  gives 
rise  to  two  series  uf  networks — one  in  the  outer  part  of  the  ganglionic 
layer,  and  the  ttther  in  the  same  relative  portion  of  the  inner  molecular 
layer. 

Without  any  pronounced  anastomosis  ihey  continue  forward  to  near 
the  ora  scrrnta,  where,  after  becoming  finely  CApillary,  they  become 
venous  in  type.  From  here  they  pursue  a  backward  course  as  ever- 
increttfling  Hn<l  enlarging  chnniielH,  to  terminate  in  the  vena  eentratit 
rrttTKp,  whieh,  as  can  be  seen  in  the  last.  illiiNtnition  by  the  appropriate 
initial  letters,  pass  out  of  the  eye  in  association  with  the  entering  cen- 
tral artery  of  the  retina,  as  the  central  retinal  vein. 

The  distribution  of  the  circulation  in  the  macular  region  is  peculiar. 
Just  as  tlie  neural  portion  of  the  retinal  layers  was  crowded  and 
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be  seen  in  t'ig.  85,  they  form  a  curoiia  or  uimulus,  with  a  <Tiilr»I 
apparently  Iwn'en  area.  Tliis  crown  or  ring  has  been  formed  by  the 
ra4liation  of  a  great  number  of  venous  imd  arterial  Iffigs. 

Koch  vessel  is  surroiinileil  l)y  a  lymph  spnce,  which  is  in  communicn- 
tion  with  the  lymph  chmmels  of  the  optic  nerve  ihiit  cotinect  with 
tluuie  of  the  hniiri.  This  space,  which  iR  in  huUi  the  arterial  and  the 
verioiiH  Aystctn^,  though  not  k(i  crtmplotc  in  the  former,  ift  fiituatcd  be- 
tween the  outer  whII  of  the  vevsel  »(ut  an  inner  endothelial  layer,  to 
111!  of  the  capillaries,  there  are  double  cyHnderB  which  lie  concenirically 
to  one  another. 

The  non-mcdullatcd  nerve  fibres  of  the  retina  j^aiher  together  into  a 
composite  oval  tnasa  at  the  poaierior  pole  of  the  eye  known  as  thco/itic 

no.  w. 
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disk.  This  is  shown  imrlly  in  Fig.  Sfi.  The  disk,  or  optic-nerve  head, 
as  it  is  at  time!!  termed,  is  about  one  and  a  half  or  one  and  six-tcnthe 
millimeters  (about  one-eighteenth  of  an  ioch)  in  diameter.  It«  apparent 
ophihftlmuscopic  she.  as  elsewhere  shown,  varies  with  the  refractive 
constants  of  the  eye. 

Extending  posteriorly  n.-^  far  a*^  the  lamin»  eribroM,  it  pnstents  oph- 
thahno«copically  the  appearances  described  and  depicted  in  the  colored 
plates  in  the  Gnst  pages  of  the  chapter  on  DiMcastea  of  the  Retinii.  Con- 
tinuing backwanl  through  the  fenealniteil  tissue  layer  situated  on  a 
level  with  the  aelcrotic  coat,  and  known  as  the  l<v»in<i  i-rihrotta — shown 
in  the  uhove  illustration — the  optic-nerve  fibres  lose  their  tiausparency 
and  take  on  their  Hiwlullation.a.  At  this  point,  numerous  scleral  faspiciili 
tuiTi  backward,  and  not  only  |kcnetrate  the  interstices  of  the  neural 
6bre8,  but  form  broad  enveloping  sheaths  for  ilicir  protection  in  the 
orbit.    Tpon  account  of  this  great  increase  in  connective  tissue,  aa  can  be 
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veil  seen  in  Fig.  36,  the  culibre  of  tlie  nerve  m  ic  leuveB  tlie  globe  mp- 
idlj  inerHutea  to  four  or  five  millimeters  in  diittneter.  An  can  be  well 
understood,  then,  the  retinal  nerve  fibres,  whicli  number  nearly  one-lialf 
million,  afler  boi[ig  gathered  into  a  one-and-n-hatf-millimeter  (uboiit 
one-eighteenth  of  nn  inch)  bonch  «t  the  posterior  polo  of  the  eyo,  per- 
forate the  cborioid  coat,  as  previously  explained,  and  pu&.*<  ttirough  » 
sieve-like  pUte  of  scleral  tissue  to  pursue  their  vmr  bfickwnni  an  the 
so-called  crptic  Tttrve,  iu  a  series  of  protective  envelopes  irhich  have 
been  fonned  from  the  sclerotic  cuaU 

The  ontermo«t  covering  of  the  optic  nerve  is  known  as  the  'lufff 
theath  of  the  typtic  tu^rve.  I:  is  connected  with  the  ouM;r  layers  of  (he 
sclerotic,  and  passes  backward  ai-ound  the  nerve,  to  be  lost  in  the  peri- 
o»tciiui  i>f  the  optic   forunicu.       The   internal   euvctupe  is   frequently 


.1.  .fii,. 


Otitic  rhlBsm.    (nmnuy.) 

termed  the  />»'<*/  xheaih  of  the  optic  m/rvt.  It  is  in  direct  continuation 
with  the  inner  layers  of  ibo  sclerotic,  and  continues  backward  thiouffh 
,<he  optic  cn.nal  to  form  the  outer  covering  of  the  optic  nerve  within  the 
nium.  Thiiiabeath,  winch  is  very  delicate,  neiids  ttuineroutt  trabccula* 
'Uj!}i  the  tisHues  of  the  optic  nerve,  between  these  envelopes  there 
a  broad  lymph  space,  whicli  is  lined  by  endothelium.  It  is  in 
rect  communication  with  the  arachnoid  of  the  brain.  Subjacent  to 
inner  sheath,  between  it  and  the  optic  nerve,  there  ia  a  second. 
'I«r  and  narrower  lymph  channel. 
The  entire  structure,  closoly  imbedded  in  fat  and  connective  tissue 
surrounded  by  the  belliea  of  tlic  extra-ocular  muRelca.  pursues  a 
noous  counie  downward,  outward,  and  backward,  until  it  reaches  a 
(III  at  about  eighteen  luillimetcrs  (seven -eighths  of  nn  inch)  behind 
e  globe,  where  it  is  obliquely  pierced  by  the  central  retinal  artery  and 
mtr^l  retinol  vein,  Cominj;  up  and  in,  it  reaches  the  optic  foramen, 
hen  it  has  attained  a  length  of  nearly  thirty  millimeters  (one  and  one- 
igbtli  iuchea).      Entering  the  canal,  it  receives  small  vascular  twlgg. 
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and  its  outer  sheath  adheres  tightly  to  the  bony  walls.  After  pamung 
a  distance  of  five  or  tax  millimeters  (about  three-uxteenths  <rf  mn  inoh| 
through  the  canal,  it  flattens  and  rarres  np  and  in  in  the  intm-cranial 
cavity  for  about  tea  millimeters  (three^ightha  of  an  inch),  to  reach  its 
fellow  nerre.  Here  a  definite  commingling  of  both  the  neural  and  the 
connective-tissue  elements  takes  place,  ^re  there  is  an  interlocking, 
by  which  the  nerre  fibres  intended  fiH*  riuon  in  the  right  fields  of  eadi 
eye  pass  to  the  left  brain,  and  the  nerre  fibres  naed  for  rision  in  the 
left  fields  of  eadi  eye  go  to  the  right  brain.  This  portion  of  the  optic 
fibres  terminating  ue  optic  nerre  proper,  which  is  known  as  the  optie 
cAuMm  or  ccmmuntrey  appears,  as  in  measnre  shown  in  Fig.  87,  as  a 
broad  flattened  X4ike  body.     It  rests  on  the  sphenwd  bone. 

The  distribution  <^  the  two  series  of  nerre  fibres  in  this  connecting 
-body  is  &iriy  certain.  Starting  from  the  rrtiuK,  each  optic  nerve  at 
its  exit  from  the  eye  has  a  small,  compact  wedge  of  temporal  fibres 
which  are  in  connection  with  the  macular  region.  This  wedge,  holding 
br  far  the  greater  part  of  the  retinal  nerre  tissues,  remwns  in  this  utn- 
anon,or  probably  wis  to  a  lower  plane  for  aboat  ten  millimeters  (about 
three-eighths  of  an  inch)  alwig  the  n«Te,  whne  the  retinal  vessels  rater 
it.  Here  it  becomes  vertical  oval  in  form,  and  rises  to  the  outer  hori- 
lontal  meridian.  Gradually  flattening  into  a  horiiontal  oval  as  it 
reaches  the  optic  foramen,  and  pursuing  its  way  toward  the  centre  of 
the  nerve  trunk,  it  at  last  reaches  the  chiasm.  Here  bodi  series  sink 
to  the  bottom,  and  both  directly  and  indirectly  pass  inward  and  upward 
from  each  »de.  along  each  <^ic  tract,  to  be  sent  to  their  respective  por- 
tions of  the  eervbral  cortex  in  each  cnneal  region. 

The  ivmaining  nerve  fibres,  known  as  the  pfripAfml  and  the  inier- 
'•i^Jhil,  which.  a3  can  be  wm  br  reforenee  to  Fig.  32.  ocHistitnte  the 
remaining  portion  of  the  retinaf  diuribution.  occupy  the  rest  of  the 
neural  portion  of  the  optic-nerve  bulk,  until  they  reach  the  chiasm. 
Herv  thoj>e  fibre?  whi^  have  bera  distributed  over  the  nasal  halves 
•>t  the  recinff  and  hare  gained  the  summit  of  the  optic-nerre  head,  pass 
Sack  and  cfwe  thrvugh  the  inner  portivMi^  of  the  chiasm  to  the  opposite 
tracu  and  pursue  their  way  to  the  ocetpital  cortex :  whibt  thoae  which 
hare  been  distributed  over  the  temporal  halves  of  the  retiue  take  up 
:he  rest  of  the  opticslisk  area,  and  p*ss  to  the  outer  and  pnfc^ly  upper 
r<>rttoa  v-^f  the  chiasm,  and  pursue  ihetr  uncrMsed  way  directly  back 
akv^:  the  txaecs  of  their  own  side. 

I:  will  be  thus  M<en  thai  there  arv  thtw  #m«s  of  fibres :  the  first,  or 
u:w.iUr  jrtvmpin^.  vhioh  have  a  crv««*td  and  uneroAsed  scries  for  each 
eje  :  the  $ev\Htd.  the  remaining  rij^t  temporal  and  all  of  the  left  nasal 
f.rres.  «hioh,  br  interUciruE  in  the  cliiasui.  Ji\Mn  at  the  <omm»cement 

:r.e  rl^:  >.«}':h'  tract  k^  ^^  k>  the  rurht  vwipiial  regioa:  and  diird, 
:ie  rv.:**;!!;!!;  >tt  tetup^^rat  and  all  */  the  riij«  nasal  fibres,  which,  by 
:~e  ^:*^e  aaatvvn^oal  arrkUj:eatent  at  Hie  chia«a.  £o  to  die  left  occipital 
v-;r:e\. 

Tr.enf  i*  aA»  *:>.  ;ttWMw;Mi  swcw  v<'  vvmvisasursl  npe,  whidi  run 
•r.c:  .*ue  eve  t.'  ;hv  ^^her.  rh«w  {w»  azvsiai  the  antmor  portion  of 
:he  •■>.  ISO  Farther,  in  the  iv*«wK\>r  wirs  >«  ih»  njpMu  there  is 
t-  :r.^r  seres  .»;"  o.N»M;*sar»l  SSrew,  a$  v-aa  Se  s^«  in  Fig.  SS. 
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Cibennce  on  the  posterior  poitiaa  of  the  thalimas — the  piilviDar. 
eta  be  ae«ii  in  Fig.  39,  «{i«r«  ike  rigbt  optic  trad  u  seea  comtbg 
anaod  the  infonilibalmr  lobe,  jtwt  aborc  ibe  neck  of  tbe  bTpopfania, 
n>  cnrre  apKsrd.  ootirsrd,  attd  liack-nM  oxer  the  cnMi  uh  mbmiIi 
tbe  thalusos  to  mcb  the  palviur. 

At  tbe  anterior  bracbiam  of  tbe  sktcrior  qvadrigesiial  botljr.  a  targe 
poitiM  of  lb*  fibces  oi  iKe  latenl  root  of  tbe  optic  tnct  eaten  and 
a  Bpnad  oat  over  die  ftnmin  aoiuOe  m  a  fiae  B«ibv(vk,  vbidi  mccd- 
inglj  artsea  froa  maav  minnie  tocalixed  rdU.     Anotber  aeries  of  thii'. 


ft  m  F%.  39.  pM»  ato  iW  iMenI  geoicalale  bodr; 

n»fi>g  eu  W  trM«<  M  Man  mid.  Ukd  as  well  Men 

dw  JhAaaii  dinct  ai  tbe  pshiur.     In  tbe  anterior 

b«lie*  ^ere  an  akM  ibe  ■■■■■■tirw  of  a  aamber  of 

wbicb  bare  hsmJ  «to  tbeir  iifcHiaef  tbraigb  the  antfy 

tbis  M»4ike  CSMMIM  rf  ibc  eMpars  abo  carrruig 

af  mte  tb»  ibahwo  aU  •*  tbe  aumi  cBpsale,  wbere  tbe 

rai^aliMS  cismMttc*  awl  pas  hM^m^  t»  tb«  cortex  of  de 

)  ibnaaftbe  McdiM  iwt  CA  tP  tbe  iatrnMil  MMalaie  body,  at  wbicb 
■c*  tbw<M>mii>t«io>  mUt  witb  Ar  ■■—■i  saai1iip,niiiin»l  bodj. 
U  I  iiiU'iifc.  ibam  AM  Mnlt  rMta  mimm  im  ibe  nenity  of  tbe 
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dibnlar  region.  Further,  Stilling  avserts  the  existence  of  anotlier  root 
which  comes  from  the  ineiiulln  obli^ngiita  to  the  peilunculut^  cerebri. 
There  are  also  certain  fibres  that  iniilve  their  way  to  ihe  nuclei  of  the 
oca) o- motor  nerves. 

Jtackward  iid<I  upward  rrum  these  gan^Iin,  the  rodiatinj;  visual  0tre» 

Oratioht  procee<i.     Curvin"  around  that  portion  of  the  lateral  ven- 

'tricle  which  lies  in  the  occipital  Inbo.  anil  taking  on  the  gray  matter 

of  that  lobe  when  they  reach   the  pastcrior  portion  nf  the  internal 

capsule,  they  spread  out  fan-like  iti  -ilie  occipital   lobe  to  reach   the 

corlex.     TIieHe  are  fairly  well  shown  in  part  in  Fig.  4U, 

no.  -ii. 
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VUual  cortex.   (8i*Bii.) 

Practically,  then,  as  can  be  seen  by  the  colored  drawing  in  the  chapter 
On  Physiology,  each  tract  curves  around  the  crus  cerebri  and  terminates 

'  lly  in  a  series  of  ganglionic  inaKsas — the  exteniitl  geniculate  body, 
optic  thnlamns,  and  the  anterior  r|iiadrigrminal  riody.  Piia.<<ing 
fnini  these  gray  ganglia,  a  fresh  scries  of  nerve  strand:i  escape  from  the 
latcnil  portions  of  the  thnlamus,  go  into  the  internal  capsule,  and  cur^'e 
!'Oat«ar<i  and  backward  around  the  poaterior  horn  of  the  lateral  ven- 
tricle and  lenniuaie  in  tlio  occipital  convolutions  and  cunens. 

As  pointed  out  by  Starr,  the  portions  of  the  cerebral  surface  which 
bold  thtt  visual  cortex  are  the  occijiital  convolutions  and  the  euneus. 
Thus  in  Fig.  41,  the  first  illustration  represents  the  lateral  surface  of  the 
left  hemisphere,  whilst  the  second  illustration  gives  the  median  Hurface  of 
the  right  hemtsphcrc.  The  heavily  shaded  portions  designate  the  areas 
occupied  by  the  visual  cortex. 
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rHYSIOLOGY. 

SlKC£  the  organ  of  vision  is  a  structure  for  sensory  purpoi 
poaBcning  in  its  peripheral  portion,  the  eje  proper,  the  power  of 
movement,  the  moat  satisfuclwr^-  wuy  of  cousiJuring  it  physiologically 
h  to  ittudy  the  action  of  its  sensory  and  motor  portions  separately. 

The  sensory  portion  of  tlie  hiiniiin  ocular  iippnratua  is  so  intertwine*! 
lit  the  optic  chiasm  as  to  make  the  two  portions  of  one  ocular  retiuii 
correspond  with  the  two  parts  of  ihdt  of  the  fellow-eye,  showing  tliai 
each  ocular  bulb  cvntnius  sensory  lauterinl  intendeil  for  u.^e  on  t»oth 
sides. 

Fifi.tt 


nMiMwUon  i>r  o|>Ui>ii«>Ti'«  (IbvTV.    (Wn-u.) 

In  Fi;^.  43  the  liglitly  shnrleil  line  at  the  lower  right-hand  comer 
of  the  figure,  designated  us  K,  which  represents  llio  righi  optic  tract. 
divides  into  two  portions,  one  of  which  goes  to  the  outer  side  of  Uie 
right  eye,  and  the  other  to  the  inner  side  of  the  left  eye ;  tbe  same 
being  relatively  true  of  the  lefV  optic  tract:  thus  showing  that  each 
eye  contains  n  portion  of  the  fibres  from  both  optic  tracts.  It  will  abo 
be  noticed  that  the  sensory  materinl  of  the  nasal  portion  of  each  retina 
is  funiished  by  the  opposite  hemisphere. 

Therefore,  the  visnnl  appnmiua  for  all  objects  seen  in  the  right  aide 
of  the  visual  fields  is  prolonged  inward  from  the  luft  aide  of  each  retina, 
and  all  that  intendeil  to  receive  iinprossion.i  from  the  left  side  of  the 
visual  iields  is  found  on  the  right  side  oi  each  retina.  Thus,  in  the 
colored  plate,  nil  \jmiii1  objects  sitnnted  in  the  p&rta  of  the  visual  tield)) 
that  are  tinted  Hwe-are  sent  to  the  right  cerebral  hemisphere  for  recog- 
nition, and  all  those  in  Ihe^e^  portions  arc  sent  to  the  left  cerebral 
hemisphere.  /^^-^i- 

Man  enjoTs  both  monocular  and  binocular  vision,  and  in  eflecting 
either  fully  he  must  use  both  lieinwpberes.  To  use  both  eyes  at  the 
•tame  time  means  to  employ  both  cerebml  cortices  at  the  same  moment. 
To  use  one  eye  properly  itieHiis  to  employ  the  related  portiona  of  (he 
two  cortices. 
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In  addition,  ttie  outer  Aegments  of  the  ru<J4,  mpeciallj  wlien  uuexpotwd 
V}  ligtU'Stiiiiiiliis,  are  invEWteil  with  a  purplisli  pigtaent  known  afi 
rhodopihi.  whicli  is  extremely  sensitive  to  I>r>th  monochromatic  mod 
polychromatic  light.'  Of  tlte  office  of  this  secretion,  which  is  said  to 
he  an  actuni  derivative  of  the  fuchsia  on  these  portions  of  the  retinal 
teriiiinals,  nothing  abeolutp  is  known.  Though  by  no  means  cvrtain, 
and  even  by  Aomc  contradicted  with  much  sliow  of  reason,  it  ^eems 
plimi^ihlc  to  i\i»i:n  ita  connection  with  the  visual  act  as  a  sensitizing 
preeervati%'e  material. 

Kueline  has  found  tliat  he  coidd  pntduce  more  or  less  pennsneni 
colorless  areas,  or  opto^amt,  upon  retinfe  which  had  been  exposed 
during  Hfe  to  similarly  shaped  areas  nnd  objecw  pasaeasing  power  nf 
intense  light-stimulation:  as  photographers  would  say.  he  6xed  thf 
image. 

Each  lateral  combination  of  6uch  r«tinnl  elements  p\ea  its  compound 
expression  of  such  points.  Each  related  nerve-bundle  carries  the  result 
to  an  e(]uivalent  cortex  area.  Each  point  ever  chfinging,  nnd  each 
grouping  ever  differing,  give  the  multitudinous  and  momentar}'  im- 
pulses that  are  constant!  v  carried  to  the  visual  centres.  Thtj^e  seiwa- 
tions,  asHficiatcd  in  the  visual  centres  with  other  related  sensory  and 
motor  ehauges,  form  in  conneciion  with  the  higher  mentalities,  the 
ultimatum  of  the  visual  sense — «V/A(. 

For  proper  color-sensation,  then,  the  neural  cells  of  that  portion  of 
the  occipital  cortex  must  be  rendered  active.  Xo  matter  whether  (he 
force  be  of  external  or  of  internal  origin,  if  it  acts  upon  these  cells, 
or  if  it  makes  a  new  cell  in  this  mass,  it  will  cjuise  color-sensation. 
Hence  if  there  he  mental  recognition  of  this  Aenaation  of  color — if  the 
higher  centres  act  and  the  mind  take  cognizance  of  this  aenmition, 
coior- perception  ensues,  thus  supporting  the  saying  of  Epicharmus,  the 
old  Greek  poet: 

■>  'TU  mind  alvtiit  tbai  M«e  aod  hiran: 
AH  lliitic>  tn-iiili:  are  d«ttf  and  blinil." 

As  we  well  know,  there  is  a  limit  to  this  uliysioloeical  action.  Tbe 
nerve-fibril  accoinpliahes  iL<i  work  with  a  dennite  di^rce  of  celerity. 
Thus.  Cattell  bas  shown  that  with  a  unit  of  0.001  sec.,  the  average 
lengtli  of  time  necessary  for  the  unfaligued  eye  to  recognize  a  few  of 
the  most  important  colors  under  strong  illumination  equalled  0.S2 
see.  for  orange,  0.9ti  sec.  for  yellow.  1.21  sec.  for  blue,  l.^S  sec.  for 
red,  lA'Z  sec.  for  green,  and  2.^2  sec.  for  violet.  Here  the  same 
nerve-lips  receiving  different  degrees  of  color-stimulus  show  results 
which  not  only  serve  to  estimate  the  comjiarative  strengths  of  the 
various  color- vibrations  received,  but  also  give  answer  to  the  relative 
quickness  of  ability  for  perception  of  the  several  uatuml  colors  exposed 
— results  which  are  in  accord  with  the  normal  order  of  tbe  visual  6clds 
to  be  described  later  on. 

Both  laboratory  experiment  and  clinical  example   have  laiiglit   as 
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that  etch  optic-nerve  6bril  has  it«  sp«cial  Hmount  of  power  in  differ- 
entiating color.  It  manifei^U  itself  ])artlv  hk  a  mnttcr  of  education,  as 
shown  by  the  ability  of  Chevreul  to  aistiiigiitsh  tin<]  sopurate  over 
fourteen  thousand  changes  of  color,  and  the  increased  ability  of  male 
workers  in  positions  necessitating  choice  of  minute  color- differences, 
to  differeniiat*'  such  changes.  It  is  made  apimrent  by  tbe  higher 
eolor-seniiu  of  women,  and  the  vast  dilTeronces  of  |)ower  produced  by 
raci&t  and  tribal  characteristics.  It  exhibits  itself  partly  m  a  matter 
of  todividiuil  fibre  strength,  a«  :«hown  in  the  dissimilarity  of  power  of 
the  miicular  and  circum •macular  ilii^Cribution  in  the  same  retina. 
Partly,  therefore,  a  matter  of  heredity,  environment,  and  occupation 
of  the  containing  organism:  and  pordy  a  matter  of  position  of  the 
6bre  in  the  orj^an — the  question  resolves  itself  into  one  of  relative 
phv^ical  structure  and  physiological  uee. 

For  the  average  human  macular  fibril,  it  m  probable  that  sevoral 
hundred  or  thousand  different  color  combinations  can  be  Aeparated 
from  one  another  without  the  ability  of  verbal  or  oral  designation. 

.\gain,  there  h  a  difl'erence  in  the  amounts  of  color-area  necesaary 
to  be  exposed  for  rei^ognifion  at  certain  distances  under  the  same  light- 
stimulus.  Id  a  series  of  Gxperimcots  with  a  few  of  the  most  important 
colors  on  a  b1&i;k  baclcground  and  under  diffused  daylight  exposure,  the 
author  has  found  that  red  reijuireei  two  i^tid  two-thirds  millhueters' 
exposore  to  be  properly  recngnixed  at  five  meters'  distance:  vellow,  a 
slightly  increased  area;  blue,  eight  nnd  three-quarters  millimeters; 
green,  ten  and  three-tjuarters  iniltimcterB ;  and  violet  twenty-two  and 
uiree-onarters  millimeters.  In  all  these  expenments  the  colors  pass 
through  different  phases  of  faulty  naming  before  being  properly  desig- 
nated. Green  almost  invariably  is  termed  whitish  and  bluish:  red, 
wbiti»h;  orange,  salmon  colur :  blue,  dirty  white;  yellow,  whitish  and 
lemon  coh»r;  and  violet,  yelluw.  or  even  pink,  after  being  ternicl  ilirtv 
gray.  Where  artilicial  yellowish  light  (oil)  was  nseil,  and  the  period- 
of-time  method  was  employed,  Catteil  has  found  that  orange,  red,  violet, 
and  blue  was  the  order  of  the  colors  named. 

•fast  &%  there  are  differences  of  receipt  in  the  individual  fibril  tip,  so 
there  arc  limits  to  the  working  capabilities  of  small  ureas  in  the  recog- 
nition of  form.  Independently  of  changes  in  the  power  of  focussing 
poswssed  by  the  eye  in  producing  certain  well-known  peculiaritieij  in 
image-formation  upon  the  retinal  plane,  there  i^  a  difference  in  tlie 
granping  quality  necessary  for  the  correct  perception  of  various  objects, 
a»,.  for  example,  the  characters  used  in  written  language,  ornamentation, 
and  the  minute  distinctive  points  In  letters  of  almost  similar  shape. 
The  curved  forms,  the  marks  of  punctuation  and  accent,  etc.,  of  many 
nf  the  present  styles  of  type  nro  all  mon^  diflicidt  to  xoe  and  take  u 
longer  time  for  recognition  than  the  ;<impler  and  more  regularly 
amnged  characters.  This  is  well  shown  in  the  differences  of  recogni- 
iton  of  the  many  similarly  sised,  though  badly  shaped  test  types  daily 
used  iu  ophthalmology — differences  dependent  upon  iuiproper  letter- 
formation. 

As  the  fibre  becomes  more  peripherally  situated  in  the  retinal  sheet, 
and  )«68  occupied  in  direct  vision,  it  grows  weaker,  until  at  lost  it  is  able 
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ordinarilj  tc*  respond  to  bat  a  few  of  the  strongest  co)or*8timu1i.  Tlie«e 
losses,  manifesting;  themselves  by  aren)  limitations,  produce  what  ar« 
known  as  Jifhis  of  vision.  Tlio  order  of  a  few  of  the  moat  naually 
8tudie<l  of  theae  i»  greeti,  red,  blue,  yellow*-,  and  white,  their  average 
relatiTe  extent  being  gniigei)  tucoiupanitive  sixcA.  Exiteriineiil  leaclieA 
us,  as  is  shown  tn  the  chapter  on  Kxiiiniiiation  of  the  Kye,  that  although 
the  color- outlines  are  concentric,  they  exteml  further  to  the  temporal 
and  nasal  sides  than  ihey  do  superiorly  and  inferiorly.  Vertical  and 
horizontal  Uiiee  dmwn  thi-ough  the  fixation-points  are  known  ag  the 
lines  of  ffptiratioH,  and  are  of  value  in  desiguating  the  position  oi 
corrMponding  points. 

The  sensory  elements  aw  the  must  densely  packed  and  the  moet 
highly  evohitionized  in  the  niaciilor  region  or  region  for  distinct  vision, 
be<^oniitig  more  widely  separated  and  less  well  oevelopetl  i»s  they  [miss 
peripherally  on  all  sides.  This  intimate  association,  greatly  increased 
number,  and  highest  evolution  in  the  region  of  the  yellow  spot,  allow 
the  finest  puint«  of  object-rays  to  be  received,  transmitted,  aud  {KT- 
ceived.  Here  the  greatest  detail  of  di^ttant  landscape  or  of  near  object 
can  be  obtained.  Ever  lessening  from  the  veriest  central  cone,  the 
most  finely  differentiated  objects  in  tlie  field  are  the  first  to  go,  UDtil^ 
getting  out  into  a  retinal  area  which  includes  about  forty-five  degrees 
of  ibe  visual  field,  small  ohjecte  can  nn  longer  be  separated  from  one 
another.  This  smaller  central  area  is  termed  the  Jicld  of  fixatitmt  or 
fjuatitativ  ffld  <if  lu'sion.  This  is.  the  area  in  each  eye  in  cotutaat 
use  for  distinct  vision — an  area  which  upon  acwiunt  of  a  right  and 
left  duplication  is  not  only  greatly  incmased  in  lateral  extent,  but  is 
also  intensified  throughout  its  binocnlar  extent.  Thus  in  the  large 
color- diagram  facing  p&ge  ^0,  it  will  be  noticed  that  the  nasal  and 
central  portions  of  the  right  and  the  left  field  of  vision  lap. 

A  moment's  reflection  will  uhow  that  any  object  in  this  combined 
portion  of  the  two  fields  must  give  a  double  imprcsBion,  one  going 
to  the  right  retina  and  the  other  to  the  lefi  retina.  Further,  if  we 
study  the  prolongation  backwanl  of  the  various  fibrils  embrnced  in 
this  binocular  area  in  the  color-dingram.  we  shall  find  that  a  por- 
tion of  them  goes  to  each  occipital  cortex.  Jiach  brain  is  at  work, 
yet  ordinarily  in  the  normal  relation  of  the  two  eyes  we  know  that 
tlie  object  is  seen  single.  Should,  however,  one  eye  be  but  slightly 
deviated  toward  or  away  from  its  fellow,  as  in  extra-oeular  muscular 
disturbance,  causing  the  external  ray  to  fall  upon  some  nerve-tips  that 
probably  have  no  cerebral  relation  ;  should  the  double  impression  oi 
the  single  object  be  received  upnri  two  portions  of  tlie  occipital  oorlex 
tliatarenot  physiologically  related  to  one  another,  an  immediate  doubling 
will  ensue,  thus  indirectly  showing  as  one  of  tlie  most  probable  causes 
that  there  must  be  a  certain  co-relationship,  either  peripheral  or  ocntral 
— probably  llie  tatter — of  the  retinal  nerve-tips  in  the  two  eyes,  to  pro- 
duce ginffimr')'*!  of  ruian.  Popularly,  these  retinal  jtotnta  that  are  so 
related  as  to  give  single  vision  when  simultaneously  impreafted.  arc 
known  as  evrreapotuling  yointt  or  identical  pointx.  In  every  pos- 
sible field-projection  there  must  be  a  limit  to  these  corresponding 
points.     The  extent  of  this,  which  can  be  formulated  for  any  given 
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position  of  ihe  eyea,  is  known  as  a  horopter.  For  instance,  in 
Fig.  43,  tbe  largo  circle  drawn  in  tho  plane  of  the  visual  axis  c  c  and 
f  c  ihpoQ^h  the  point  of*  convergence  f  of  the  two  axes  and  tlic  nodal 
points  K  K  of  the  two  eyes,  n-presentit  the  hon^ptvr  for  ttiat  plane. 
Tlial  is,  no  matter  on  wlmt  part  nf  the  circmtifereiii^e  sin  ulijeut  nmy  be, 
a«.  for  example,  at  A.  the  image-points  nn  the  two  retinrp  will  fall  on  iden- 
tical points,  and  a  single  perception  of  the  object  will  ensue.  Accord- 
ing to  this  doctrine,  every  singly  seen  object  in  the  binocular  field  of 
vision  must  be  8itaat€<l  on  some  horopter.  Unfortunately,  this  rule 
will  hold  niatheinntically  true  only  for  certain  geoMiftri>iml)y  rtitiiuteil 
points,  there  being  numerous  portions  of  the  monoculiLr  vihuhI  field 
in  which  such  objects  cannot  form  a  horopter  witli  the  two  eyes. 
Such  objects  must  be  seen  tlouble.  as  can  be  shown  by  the  experi- 
ment  of  holding  two  fingers  up  ut  diJl^erent  distances  along  the  median 


tn«,  w1]«n  either  can  be  ins'le  double  by  g^King  at  the  other.     To 
nbtain  a  single  cerebral  rej^pont^e  u>  such  a  Juuble  impulse,  either  one 
brain   image  muiit  be  igiiore<l,  an  h  so  often  done   hy  expert  microA- 
copii>ta  and  ophthalmotjcopists — who.  while  using  a  monocular  instru- 
ment, ignore  Uic  conflicting  ituagc  of  the  unnsed  open  eye — or  a  new 
mental  ptctnre  of  the  combined  dissimilar  retinal  impressions  must  be 
msdc  by  the  perceptive  centres.     That  the  latter  is  fre(|Upritly  the  case 
is  proved  by  the  fact  thai  ideas  of  solidity  and  relative  projections  are 
offered  to  those  who  po(>»ft*i*  binocular  vision.    Each  relative  impreasion, 
\m  Hat  one,  ro  to  speak,  itissimilar  in  form  fntin  its  fellow,  in  combination 
.arith  previous  tactile  information,  gives  a  double  impression  which  stands 
out  in  space.     Thus,  in  Fig.  44,  of  a  skull  as  seen  by  the  right  and  Icil 
,  ey«,  where  the  right-hand  lignre  has  the  right  lateral  aspect  brought 
into   view,  and  where,  on  account  of  the  width  of  Kcpuratiou  of  the 
liiaeula>  lutea:  of  the  two  eyes,  the  li-fi-hand  figure  sliows  more  of  the  lefl 
aide,  the  binocolar  effect  when  the  figui-e.4  are  gazed  at  with  both  eyes 
simultaneoasly  through  a  douhle  pri^tn,  termed  a  stereoscope,  will  be 
full-face  skall  sitaated  in  the  median  line  and  projecting  forward  into 
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So  it  is  with  the  visual  apparalUK.  Here  the  nicntal  combination  of  the 
two  diMimiUr  flat  pictures  impinged  upon  the  right  and  left  retinse.  In 
oggooiHtinn  with  previous  infunnation  gnined  mostly  hy  the  senM  of 
touch,  produces  the  visual  />erre/iti"n  of  o  aoUd  ofy'eet  orfortn  stftndin^ 
out  in  space.  -lust  as  there  are  limits,  however,  to  the  perception  m 
single  and  coruhined  object-points,  so  there  U  a  limit  to  this  acquired 
power.  Distant  objects,  sucli  as  isolated  mountainfi  or  ships  at  sea,  fail 
to  present  udv  ideas  of  solidity,  appearing  as  if  flattened  against  the 
biiclcground.     Again,  objecia  in  the  peripiienil  portion  of  the  fields  of 
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vision  beyond  the  area  of  fixation  have  more  or  less  of  their  solidity 
destroyed  hy  indistinctness  and  by  want  of  attention  upon  the  part  of 
the  observer. 

The  apparent  size  of  an  object  is  tlieoreticully  dependent  upon  the 
width  of  the  opening  or  visual  angle  which  it  subtends  with  the  nodal 
point  of  the  eye,  thus  causing  the  mental  image  of  the  object  to  diminish 
progressively  in  size  us  the  object  is  removed  fruHU  the  eye.  A«  tie 
size  of  this  visual  angle  is  modifled  greatly  in  different  positions  and 
under  diflTerent  circumstances,  varied  estimates  may  be  given  as  to  the 
apparent  magnitade  of  the  object  under  these  conditions.  Thus,  a 
ship  at  sea  in  a  low  dense  atmosphere  may  appear  quite  large  in  com- 
parison with  a  similarly  sizixl  object  in  a  high  altitude:  or  even  during 
near  vision,  as  in  the  complex  illu»ory  pictnre  such  as  Zollner  has 
given.  Fig.  4;"),  where  the  broad  black  parallels  seem  to  converge  at 
the  top  when  the  short  obliijue  lines  point  downward,  and  to  diverge  at 
the  top  when  the  latter  point  upward. 

Again,  possessing,  as  we  do,  a  focussing  apparatus  which  must  be 
accurately  atljiisted  upon  the  desired  fur-point,  a  certain  muscular  effort 
18  nt'ccsiiflry  to  be  acquired,  to  make  the  retinal  pictures  sharp  and 
clear  for  that  point,     nioreover,  as  it  U  with  one  eye,  so.  though  to 
ft  greater  degree,  it  must  be  witl]  the  two,  in  which  case  there  is  a 
superadded  muscular  effort  to  lix  the  two  eyes  upon  the  object.     Theae    _ 
changes  of  accommodniion  and  convergence,  as  they  are  termed,  in  ■ 
asaociatioti  with  previou-i  information  atid  the  prtsent  double  senaalion,  ■ 
give  what  h  known  as  id'-ag  of  dtiititn<-r.  | 

Thus,  binocular  fixation  for  the  performance  of  certain  manipulations 
is  much  more  certain  than  monocular.  Mental  estimates  of  the  dis- 
tance of  near  objects  are  more  sure  the  closer  the  object  U  brottght  to 
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riem«nt8,  either  peripherally  upon  the  retina  by  artificial  or  pathological 
means,  or  by  nit>re  deeply  sentcd  disturbance,  may  excite  subjective 
phenomena  of  flMbes  of  light,  color,  or  eren  form-like  munifestations, 
irhich  are  ia  c^act  phyeiological  occordaocu  with  the  degree,  the 
character,  and  the  position  of  the  excitant  cause.  These  are  the  op- 
poaite  of  the  phy6iuh>gioil  expressions  of  nerve- fa tigae,  to  be  de^-nb^d 
further  on.' 

Like  all  other  nerve>elenientA,  those  of  the  visual  apparatnn  show 
their  decrease  of  action  by  correspoudiug  decrease  in  physiological 
work.  They  atao  show  their  regains  of  ability  to  act  by  relatively 
increased  cxpreasion  of  physiulogical  results,  The«e  may  be  either 
seen  at  the  tJtii«  nf  fatigue  and  arc  popiitHrly  known  as  timuUant'otu 
eontraitu,  or  n.rc  fimrid  iiTimeiliately  succeeding  the  overaction.  and  are 
designated  an  after -images.  In  all  instances,  they  are  mere  phvMo- 
logieal  mollifications  dependent  upon  the  condition  and  position  of  the 
nerve  acted  upon,  and  the  character  imd  degree  of  the  impression. 

For  inswnce,  if  a  definite  number  of  nerve-lips  tire  for  a  spot  of  red, 
they  will  he  unable  for  the  moment  to  respond  fully  for  an  impression 
of  Dattinil  white,  but  will  give  answer  to  their  utmost  ability  at  the 
time.  In  thirt  instance  it  will  be  sufficient  to  give  a  •*enftation  of  the 
ciinipleraenl  green.  That  is,  the  natural  red  impinged  and  perceived, 
plus  the  subjective  aftor-color  green  seen  when  white  stimulus  waa 
given,  will  equal  the  unfinished  white  sensation  of  the  natural  white. 
As  with  this  red  and  green,  so  with  any  compuund  of  color-vibration 
which  will  ecjiial  white.  With  white  itself,  or  with  its  opposite  so-called 
black,  the  experiment  is  interesting  and  iustructire.  In  the  first  in- 
stance, if  a  white  wafer  on  a  ncutriU  eray  ground  be  gaxed  at  intently 
for  a  moment  under  strong  Itght-stimuTus  and  tlten  be  suddenly  removed 
and  the  light  weakeneil,  a  corresponding  area  of  black  will  be  moment- 
arily visible.  This  will  be  followe*!  by  weaker  and  weaker  whites  and 
blacks  until  the  gray  ground  at  this  portion  of  the  sheet  is  again 
•SAUmed.  The  reason  is  plain:  the  nerve-tips  exposed  to  the  strong 
stimulation  of  white  have  had  their  physiological  powers  momentarilv 
annihilated,  and  a  blank  area  of  non-perception,  or  "  black  "  area,  as  it 
is  lenned,  appears  upon  account  of  the  continaance  of  the  perception 
of  the  surrpQuding  gray  area,  just  a»  a  hole  is  seen  in  a  board.  The 
after-idteniations  of  apparent  white  and  black  M'itb  the  definite  order 
of  coloration  no  often  seen,  continue  in  increasingly  lessened,  degrees 
until  the  nerve-tipt  gmdually  regain  their  normal  strength.  If  a  black 
itafer  be  used  upon  «  white  ground  and  the  whole  brilliantly  illumi- 
natetl.  the  black  area  nhich  has  not  affected  the  equivalent-»ze<l  retinal 
area  will  appear  white  upon  suddenlv  removing  the  wafer  and  reducing 
the  light-stimulus.  This  experiment  proves  that  the  tips  supplying  the 
am  beneath  the  black  wafer  were  fresh  and  active,  vrlijlst  the  surrouud* 
ing  ones  were  flitignoil.  Here  the  sequence  of  aftcr-oolor  change  is  just 
the  opposite  to  that  presented  in  the  previous  experiment. 

As  with  fHr^-anVr  ctmtrant  (as  the  after-images  are  sometimes 
termed),  so  it  ia  with  the  simultaneous.     Here  the  neighboring  ti|is  to 
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the  impinged  ones  seem  to  be  aflected  by  tlic  nattira)  color-stimuliis 
anel  are  onlv  able  to  respond  to  the  complements  of  (he  exposed  color. 
Thus,  if  a  red  wafer  is  laid  upon  a  white  ground,  there  is  a  perception- 
arca  of  nd  Btirrounded  by  a  hslo  of  green.  That  is,  the  surrounding 
nerve-tips  arc  unable  to  respond  properly  to  the  white  stimulus  border- 
ing the  red.  The  red  tips  used  for  this  area  seem  to  have  taken  just 
that  amount  of  sirenjitli  from  the  honlering  one*  which  are  exposed 
to  the  white  that  will  u;ivti  il  rertiaining  animint  of  power  which  is 
ctjaivalent  to  ^reeti.  In  other  wnrds,  the  nerve-tip.s  have  been  weak- 
ened in  strength  to  u  degree  equivalent  to  the  perception  of  red,  so 
that  when  a  strong  compound  stimulus  is  given  (compoi^il,  for  example, 
of  red  and  green  to  equal  white),  they  are  only  able  to  give  green  per- 
ception to  the  while  oxpo.'iure. 

This  law  of  simultaneous  contrast  will  ulsoofter  ftiifhcienl  cvplatiutinn 
for  the  visual  pheuomena  of  irradiation  where  colored  fringes  cause 
liglit-area»  in  juxta[iOHition  to  appear  larger  and  stand  out  stereo- 
graph ically. 

The  length  of  time  required  for  the  impinged  nerve-element  to  regain 
its  accustomed  strength  can  in  most  instances  be  measured.  Clinically 
it  can  be  prolonged  by  appropriate  experiiueut,  giving  rise  to  interesting 
and  instructive  devices  and  mechanismit,  For  instance,  a  point  of  light 
revolved  rapidly,  will,  as  is  well  known,  give  a  continuous  line  of  light 
wLich  exactly  coiucides  with  tlie  direction  of  movement  given  to  the 
illuminated  [mint.  This  is  Ijeaiitijiilly  shown  in  Mr.  Hoherts's  ."lO-called 
philowjphi&i!  toy.  in  which  the  wards  on  a  dtak  that  are  made  to  revolve 
forty  thousand  times  in  a  minute  hclore  a  nnrrow  slit,  can  be  made  visi- 
ble and  intelligible.  The  rotative  dii^ks  of  Miiiiitcheubroeck  perfected 
iDto  the  so-called  '^  duszling  toiw,"  where  solii)  objects,  such  as  bowls, 
cups,  VAsett.  etc.,  that  ar«  in  reality  mere  outline  representfltive"*  in  some 
stiff  metal,  appear  to  revolve  on  top  of  the  uppamtus.  are  dependent 
upon  llie  same  wnidition.  The  well-known  tlianmatrope  and  zoetrope, 
and  the  wonderfully  ingenious  pmxinoscope  of  Raynaud,  may  also  be 

[cited  8£  additional  examples.  Ihis.  which  is  known  us  fjfrni«lvnce  of 
retinal  imprfmon,  depends  upon  the  iiuality  and  quantity  of  the  im- 
pinging stimulus  imd  the  condition  of  the  receptive  nerve-material. 
The  rule  is  thai  tJie  strt>iii;er  iind  tlie  more  pert^islent  the  i^tiniiilus  »ti<I 
the  fresher  and  more  active  the  nerve-element,  the  greater  and  longer 
will  the  persistence  be- 

A  portion  of  the  subject  which  has   given  rise  to  a  vast  amount  of 

idiscnssion,  and  which  is  more  apparent  than  real,  is  frfrtnent  of  vitsion. 
The  retinal  image,  being  inverted,  was  the  one  that  the  mind  wu.*t  sup- 
posed to  take  cognizance  of:  but  now,  as  we  are  aware  that  the  occipiuil 

'  cortex  ia  the  membrane  in  which  the  visually  sensitized  cell  or  image 
ti  situated,  all  that  is  Qecesgary  to  ima^ne  is  that  the  »iniultaneousIy 
differently  »en»itixed  cortex  cells  give  to  the  higher  perceptive  brain 
cells  a  mental  image,  as  it  were,  of  the  cortex  urea  so  affected,  so  that 
it  is  not  at  all  necessary  to  refer  to  the  peripheral  image  or  impressioo 
iu  the  retina,  Again,  as  we  know  from  the  lines  uf  visible  direction, 
llic  image-points  of  the  object  are  projei^led  oiitwiirdly  to  tlieir  exact 
situations  in  the  object  ittcif,  thus  causing  the  entire  object  to  appear 
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in  it«  nataral  posiiion.  Thm  latter  explanation,  in  combination  with 
other  mental  evidences,  also  offers  conclusive  answer  for  our  onlioai^ 
ideas  of  vifual  direction. 

Tliere  is  one  region  in  the  retinal  sheet  that  U  incapable  of  itnftrcaaion 
from  extraneous  «tiiiiu)u«.  Tlii^t  h  the  optic-nerve  litsid.  a  portion  of 
the  fundus  oeuli  that  is  devoid  nf  nerve-terminals — the  rwln  and  cooes 
with  their  senNitining  pigments.  It  thus,  in  reality,  becomes  a  blind 
spot  on  the  sentient  membnuie,  and  in  consequence,  leaves  a  hiatal 
or  seotonut  in  the  QelU  of  vision.  This  can  be  dcntonstruted  clinically, 
us  explained  in  the  section  on  Perimetry,  or  can  be  shown  subjectively 
by  gufting  in  a  tlofinite  mniiner  at  Fi^.  4t).  Here  upon  clofling  the  left 
eye  trhilst  gazing  intently  st  the  cross  with  the  right  one  when  the 
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diagram  is  held  some  thirty  to  forty  centimeters  in  front,  the  drde 
wiir  disappear  for  a  moment  as  the  sketch  is  bronght  inward  toward  the 
expo««d  eye.  This  momentary  loss  of  pbysiologi- 
cal  action  is  expressive  nf  the  time  at  which  the 
image  of  the  circular  area  fell  upon  the  insensitive 
optic-nerve  head.  Fortunately,  as  can  be  under- 
stood from  the  colored  Oiagrnui,  the  overlapping  ol 
the  two  fields  of  vinioM  allows  the  nerve-tibrils  of 
the  opposite  organ  to  take  rcoonl  of  anv  imagctn 
that  may  fall  in  the  blind-field  are-a  of  tbe  fellow 
eye. 

Besides  this  special  sensory  act  of  the  ap^iara- 
tus,  there  is  the  power  of  motility  given  to  a 
portion  of  both  the  internal  and  external  struc- 
tures of  the  end-organ — the  eye  itself.  Here, 
especially  in  man.  ihcre  are  a  neries  of  intra-ocular 
and  extra-ocular  mascles  which  are  intended  for 
the  government  of  both  focussing  and  projection. 
Here  there  is  a  grouping  of  delicately  lialnnced 
muscular  tissues,  so  arranged  as  to  allow  binocu- 
lar and  monocular  Hxalion  upon  any  desired 
point.  As  has  been  shown  in  the  previous  chap- 
ter, tlie  intra-ocular  muscles  are  the  ciliary  and 
the  iris  groupings,  whilxt  the  extra-ocular  senes 
include  the  six  attaolHil  mu^icles  to  the  globe,  and 
the  accessory  ones  governing  the  movementc  of  the  lids.  etc.  The 
Ibnner  variety  is  intended  for  the  regulation  of  lenticular  power  and 
tlie  government  of  the  sixo  of  the  pupillary  area.     The  external  group- 
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ings  are  emploved  for  itie  control  of  tii«  inovnmentB  of  the  globes  and 
the  utSAciated  ocular  nppcnilajzes. 

The  leu  matter  is  suppoiied  and  compressed  bv  »  ligsinent  wbicli  is 
in  direct  relation  with  the  ciliary  bodies.  These  cllinry  hodiefl  consti- 
tute a  ring  or  ridge  in  whicl)  is  hidden  a  small  anniilnr  TnnsrulAr  Atnio- 
ture  knovn  as  the  ciliary  muscle.  In  its  action  (neconling  lo  Ileltu- 
holta),  this  tnusclo  drags  the  nilinry  proi;e?taca  with  the  pdsterior  part  of 
the  chorioid  tonnnl  the  tisuuei?  uround  th«  t^o-calleil  canal  of  .Sehlemm. 
By  Uiis  action,  the  hill-like  eminence  over  which  the  ]ifrip]MTal  jior- 
tion  of  the  snspensoi-y  ligament  of  the  lens  i.?  attached  unn  strctcliod, 
is  flattened.  This  Huttening  allows  the  zonule  lo  ntlvance  and  to  he 
wrinkled  or  ihroun  into  folds.  Both  the  lens  and  the  capsule  fibres, 
however,  posseia  an  luherent  elasticity  by  virtue  of  which  they  elon- 
rate  the  moment  any  decrease  of  tension  la  given  to  their  tissues. 
This  elasticity  keeps  the  ligament  tant  and  increaneit  the  antero-poatcrior 
diameter  of  the  lens  the  moment  the  ciliary  tnui^le  contracts;  the 
nmnunt  of  increase  being  directiv  dependent  upon  the  degree  of  muacle- 
action.  As  soon  as  the  muscle  ceases  to  net,  the  ciliiiry  bodies  resume 
their  shape,  the  chorioid  retreats,  and  the  zonule  is  re-stretched  and  com- 
presses the  lens  into  its  original  flattened  position.  Thus,  in  Fig.  47, 
taken  from  HelmboItK,  the  upper  half  of  which  represents  the  relation 
of  the  ])arta  during  tlie  accommodative  act,  the  ciliary  hrnViw*iirpfliittened 
and  the  .nntero-posterior  dintneter  of  the  lens  is  lengthene*!.  Tlic 
fimultaneous  contraction  of  the  pupil,  as  explained  on  page  ^'2,  is  also 
seen. 

These  views  are  supporteil  by  the  interesting  studies  in  catoptrics 
nwle  by  Sanson,  Cramer,  Donders,  and  others.     Thus,  Figs.  -IB  and  4'J 
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fare  representative  of  the  average  position  and  relative  si«e  of  the  three 
so-called  eatopti-ir  intagfi  or  images  of  roflecliori,  from  the  anterior 
face  of  the  cornea  at  a,  the-  anterior  capsule  of  the  lens  at  /»,  and  the 

f  posterior  capsule  of  the  lens  at  r,  that  hnve  been  produced  by  allowing 
the  bright  glare  from  two  vertically  disposed  s^juiire  jniauis  to  fall  suc- 
cessively uimn  the  three  surfaces.  Fig.  18  repreMent.s  tlie  relative 
situation  of  the  reflexes  when  the  eye  is  gazing  at  a  distance  (and 
hence    not    accommodating).      Fig.  41'  »litjw^  their  ctiangf^d    position 

■  when  ihe  eye  is  iixeii,n[id  tience  aceouitrrodatcd,  upon  .some  near  object. 
ITere  the  squares  h,  representing  the  reflexes  on  the  anterior  cap- 
sule of  the  lens,  arc  much  .smaller  and  have  appronched  one  another 
vertically,  thus  evidencing  an  increase  of  curvature  ;  whilst  the  squares 
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c,  ilesifinniin^  the  stdsII  inverted  reflcxcft  from  ilic  posterior  capsule. 
hnve  umJergont!  but  little  movement  and  cliange  in  eixe.  Tbe  iocresM 
in  thickness  of  tlie  lens  iluring  the  secommotlative  act.  is  kIso  sliowtt  by 
the  liitf-rnl  sepanition  of  the  iningos  h  and  c. 

Tliese  riiovementa  arc  conclusively  proved  by  the  experiuieut^  of 
UeiiHCu  and  Voickers.  They  inaerted  pins  and  fine  jilass  rods  in 
various  pari*  of  tbe  aclerylic  of  frcHJily  enucleated  eyes,  «>  sw  to  cruw 
them  to  iuipingi!  eitlier  iipmi  the  fnint  fHce  of  tbe  anterior  capsule  of 
the  lens,  into  tlie  equator  of  the  lenn  itself,  or  directly  into  tlie  cbonoid 
and  retina  juat  behind  tbe  ora  serratd.  By  stimulating  tbe  ciliuy 
region  willi  electricity,  accommodative  raovementa  could  be  reco^niE»l 
by  moveixients  of  the  pinti.  Ju  every  luistance,  there  was  a  forwanl 
movement  of  ibfl  tisHuex  ict  nil  ibese  siiniiiioiis,  na  shown  by  a  decided 
backward  bending  of  the  free  extremities  of  the  pins  or  rods.  If  the 
pin  or  rod  had  been  made  tu  tuiicii  the  back  face  of  the  posterior  cupsule 
of  the  lens,  its  free  end  was  immediately  directed  slightly  forward,  wheti 
the  ciliary  muscle  was  made  to  act.  The  greatest  deviation  always 
nppenred  at  the  )ioint  oi  irritation.  Moreover,  where  the  periph- 
ernl  border  of  the  lens  and  the  tips  of  the  ciliary  bodies  have  been 
exposed  by  broail  iridectomies.  Coccius  haii  been  able  not  oaly  to  aee 
tbe  ciliary  proi-ess  increase  in  eize  ami  ronic  forward,  the  Kone  of  ZInn 
apparently  broaden,  and  tbe  periplieral  bonier  of  the  lens  seemingly 
thicken,  but  he  has  been  able  to  notice  an  increase  in  width  of  the 
strift'  in  the  poalerior  capaule  iuimediatcly  back  of  the  space  of  Petit, 
All  theBe  data  serve  to  support  the  legitimacy  of  Ilelmboltz's  sup- 
p>ositi')n. 

In  extreme  accommo'iation,  which  takes  almost  doable  the  time  that  is 
necessary  to  relax  from  the  same  point,  the  centre  of  the  anterior  sur- 
face of  the  Ien»  pushes  forwiinl  into  the  anterior  chamber  sufficiently 
far  to  lessen  its  mdlus  of  curvature  from  ten  to  six  raillimcters.  Dur- 
ing the  same  act,  the  posterior  surface  of  the  lens  moves  backward  into 
tbe  vitreous  only  enough  to  lessen  its  radius  of  curvature  from  six  to 
five  and  one-half  millimeters.  These  two  facts  demonstrate  that  the 
forward  jwrtion  of  the  lens  bulges  much  more  than  the  posterior.  At 
the  sume  time  the  extreme  a ntero- posterior  diameter  of  the  lens  in- 
creases foiir-tentha  of  a  millimeter  in  length  (that  is.  it  become:^  four 
millimeters  long).  In  addition,  as  can  be  seen  in  Fig.  47.  the  per- 
ijiheral  border  of  tbe  iris  moves  backward,  ami  the  centre  of  the  iris 
plane  is  slightly  bulged  anteriorly.  The  pupillary  area,  aa  shown  by 
bonders,  decreases  in  sixe  a  moment  later. 

Next  fullow  the  pupillary  changes.  Study  of  these  will  show  Uiai 
there  are  two  varieties  of  iris-motion — one  canning  involuntary  pupil- 
Ury  contraction  from  light-stimulation  upon  the  retina,  and  the  other 
a  similar,  though  voluntary  contraction  of  the  pupil  which  is  connected 
with  tbe  acts  of  convergence  and  accommodatiuit.  The  fact  that,  in  the 
former,  a  point  of  light  munt  he  allowed  to  fall  upon  the  retina  to  obtain 
contraction  of  the  pupil.  show5  that  there  must  he  a  communication 
between  some  of  the  ingoing  fibres  of  the  retina  and  the  oatcoming 
straniis  to  the  sphincter  muscle  of  the  iris.  This  communication  is 
established  upon  the  assumption  of  the  existence  of  a  series  of  fine 
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pupillary  fibres  which,  in  association  with  the  true  visual  fibres  of  the 
tecoiii)  nerve,  pass  directly  into  tlie  iRtra-cratiial  cavity.  Here,  as  is 
Fxplaiiied  in  the  cliapter  on  Aniiimny.  tlie  pitpilhiry  wn&  lenve  the 
geconJ  nerve  proper,  and  penetrate  through  the  cerebral  mass  to  reach 
ibe  oculo-motor  roots,  where  a  sensory-iuotor  combination  Is  effected. 
Lipht-stimuiua  then,  to  |iroduce  pupillary  coniraction.  causes  on  jiBaoci- 
■te«l  act  to  travel  back  tbruujrh  each  optic  tract  until  that  ].ortitin  of  tbo 
stimutuH  that  is  carried  aloii^  tlie  reflex  straiidH,  scpamnw  fnuu  tlie 
Dtain  tract  to  meet  the  two  ligbi-rettex  loops.  At  this  .lituation  n 
motor  combination  with  the  strands  going  to  the  sphincter  muiwle  of 
both  iridcs  is  made.  This  explains  why  there  is  pupillary  contraction 
«t  an  eye  that  is  cuvvred  whvn  its  fellow   is  exposed  to  ligbt-stiu]ulu&, 

nd  why  there  is  tiiilui-e  of  iris- response  to  lighl-»timuliis  thrown  from 
nopic  field  nreas. 
The  trb,  besides  responding  to  light-stitnulus  thrown  upon  the  retina, 
or,  what  is  practically  the  same  thing,  acting  by  irritation  given  to  the 
fibres  of  thf  optic  nerves  themselves  and  thus  making  the  pupil  corre- 
spondingly sniuU,  acts  similarly,  though  to  a  lc(*s  degree,  in  associated 
mOTement  when  voluntary  or  scmi-voluntary  efforts  for  iiccoramodation 
xre  made,  either  with  or  without  convergence.  This  is  nut  surprising 
when  we  take  into  account  the  fact  that  the  central  nuelei  for  the  third, 
the  fourth,  and  the  sixth  nerves,  are  not  only  placed  in  close  proximity. 
but  have  an  inter-relaled  anatomical  communication  with  one  another, 
this  comniunicalion  being  in  direct  relationship  with  the  so-called  asso- 
ciated movements  of  the  (uu  perijihunil  organs.  For  instance,  as  has 
been  partially  explaincl.  there  mn<)t  be  a  phyAialogical  connection  to 
allow  the  internal  recti  to  act  conjointly.  There  must  be  simultaneous 
'Centml  innervation  of  the  intertms  of  one  eye  and  the  extemus  uf  the 
'  Uow  eye  to  allow  these  dissimilurly-placcd  muscles  to  respond  together 
'io  BCHcalled  conjugate  dcviulirui.  Again,  the  same  must  he  true,  us 
"  n  from  the  conjoined  nets  of  the  two  intenm!  recti  with  ihcir  com- 
isatory  obliqoea ;  as  noticed  with  the  simultaneous  response  of  the 

iliBiy  mascle.  the  sphincter  muscle^  of  the  irides,  and  the  internal 
recti ;  and  as  expressed  hy  the  entire  niuscle-grouping  whilst  the  eyes 
are  performing  uny  accurate  double  6xation  upon  a  single  object.  In 
nil  lliese  combinations  of  purposive  action,  there  must  be  aKsolule 
anatomical  connection  to  lUfurd  this  beautiful  harmony  of  irregular 
muscle-action.  Moreover,  these  iletennimite  proofs  <>t  physiohtgiral 
association  and  material  connection  are  not  fvnly  all  distinctively  ^ihown 
by  tbe  fact  thai  the  motor  groupings  are  in  close  relationship  of  action 
with  one  another,  but  are  further  proved  to  bo  a  necessity  in  such  a 
peripheral  combioation  of  sensory  material  as  the  twu  eyes,  where  u 
doable  impression  is  practically  converted  into  a  single  pi'rrtieptirtii. 
Granting,  then,  the  necessity,  for  proper  imnge-fomiatiun,  that  there 
ould  be  accurate  and  eimultaaeous  placing  of  the  two  ocular  globes 
with  definitely  related  degi-ees  of  focussing,  it  is  clear  that  every  effort 
to  obtain  any  desired  point  of  fixation  ihrooghout  the  visual  fields  must 
mean  a  certain  percentage  of  related  rauscie-action.  So  here,  where 
accommodation,  either  monocular  or  binocular,  is  brought  into  pinv,  and 
tin  related  central  nuclei  are  neceiwarily  aft"ected,  the  central  nuclei  in 
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connection  witli  tlie  spliincter  pupilli^  are  also  shown  to  hare  l>««ti 
Itnitight  into  iiKstx^iiiU^iI  uctiuii  liv  tlio  fuel  that  the  pupils  have  beeoiue 
contractetl  during  the  ac«ornniniIati%'e  effort;  this  beinj^  in  obedienM 
to  the  physiological  law  thiit.  irhetiever  two  muscle-group in^p  learii  to 
work  in  association,  their  centr&l  nuclei  h&ve  been  acting  together  to 
produce  co-ordination  of  reeult 

This  specitil  combination  of  inn-action  in  accommodation  is  of  value. 
as  explained  in  unotlicr  cbftptcr,  in  placing  a  peripheral  curtain  nround 
a  centnil  area  which  wouhl  urtlinsrilir  be  too  large  to  admit  of  clew 
definition  of  a  very  nenr  object.  Some  auihore,  and  especially 
Vi'oinow  and  AdHmuk,  a^ociate  this  condition  particularly  with  the 
act  of  oonvercence.  That  is,  they  associate  it  with  tlie  coetaneoos  in- 
nervation of  ttio  intemi.  Weber  even  goes  beyond  this  in  stating  that 
fupillury  iMntruelion  does  not  take  jilace  during  Kccommodutiou  alone. 
t  is  prnhitltlu,  however,  that  there  is  a  common  nuclear  action  when 
any  one  of  the  three  peripheral  endings  of  the  reOex  arcs  is  excited. 

During  sleep,  which  in  part  is  expressetl  by  pliysinlogical  rest  of  (he 
binocular  focussing  apparatus,  the  pupils  will  be  found  to  be  contracted 
and  the  eyeballs  diverged  slightly  upward.  This  can  be  seen  by  expos- 
ing the  globes  of  any  somnolent  person.  Pupillary  contraction  is, 
therefore,  merely  expressive  of  the  normal  coudition  of  all  sphincter 
muscles  during  sleep. 

The  cause  of  pupillary  dilatation  is  one  of  the  moot  points  in  ocuUr 
physiology.  In  view  of  the  doubtful  knowledge  of  the  existence  of  the 
oo-cnlUtl  radiary  muscular  6bres  of  the  iris,  and  keeping  in  mind  the 
correlation  uf  this  tipeniug  to  both  the  couditioue  and  the  actions  of  the 
tissues  of  other  cuuinmnienlions  with  the  interior  uf  the  body  that  are 
surrounded  by  more  or  less  dense  constricting  muscular  materiul.  it 
seems  most  reasonable  to  look  upon  the  pupil  as  an  aperture  having  a 
surrounding  muscular  tissue  which,  whilst  so  arranged  a.t  to  permit  of 
its  being  lessened  in  area  by  CKUiKtrictimi  of  these  muscle  fibres,  has  the 
average  tone  or  condition  of  these  fibres  kept  in  abeyance  under  ordi- 
nary- circumstancss  by  a  peripheral  elastic  tissue  which  is  in  realitv 
merely  inhibitory  in  its  action.  The  so-called  mydrintie  nerves,  whico 
may  be  supposea  to  govern  these  radiary  striie,  are  probably  <lerive<l 
from  the  second  dorssl  nerve,  and,  like  all  nerve  strands  which  control 
the  tonus  of  a  jiphincter,  gange  the  siie  of  the  pupillary  opening  by 
allowing  the  nidiary  fibres  to  act  a<t  a  fulcrum,  as  it  were,  upon  which 
the  iris  muscle  can  play.  That  is,  it  is  a  fulcrum  which  is  matle  by  the 
oompnrativo  innervation  between  the  muscle-bearing  nerve  and  th© 
ehistie-iisflut!  lu^rvos.  If  this  be  true,  any  departure  from  irach  a 
normality  is  de|iendeni  upon  the  relation  between  the  two  .series  of 
n«rve«cts — the  one  sn  active  impulse  and  the  other  an  inhibitory 
in6ueiwe.  In  the  words  of  Schmeichler.  ■•  The  pupil  is  like  a  Sue 
balance:  the  slightest  irritation  jproduces  a  reaction,  the  slightest  Inter- 
ferenott  ootupletelv  suspends  its  function." 

Most  intomttin'g  is  the  fact  that  the  higher  the  possessor  of  an  ocular 
■ppamtuii  U'longs  in  the  uniiiin)  kingttom,  the  more  certain  is  he  to 
have  ffwer  special  end-tirgans.  This  is  true,  until  at  list,  in  the  class 
vertehmia,  but  two  peripboral  bulbs,  each  of  which  is  moved  by  four 
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Mniglit  anJ  two  oblii|ue  muscles,  can  nlmoet  uoiverfally  be  noticed. 
[lere,  saperaildeii  lo  the  fact   llml   tlie  ^phoroiilicity  uf  the  eiiil-organ 
atlowA  ft  greater  increase  of  tlje  visuul   field  than   that  obtained,  for 
imtance.   bv  the  polvmeniscoua  arthropods  with  their  hemispherical 
cornral  8urbcc8  provided  with  invrinds  of  lenses,  we  have  the  directive 
power  of  tiie  organ's  extemallv  alUiched  imi«cle»  which  permil  a  siugle 
end-bulb  to  he  caftahle  of  obtniiiiiig  »  broader  wurkitig  lietd  tiiuti  that 
wbicli  is  gained  by  many  of  the  shell-less  molhisks  by  theirentire  cotti- 
bJDatioDs  of  simple  eyes  situated  on  their  dorsal  surfaces.     Here,  by  a 
lonrable    compound    dioptric  apparatus  enclosed  In  a  small  rounded 
cavity,  there  is  a  focuaaiug  materia]    which  perutits  a  wonderful  degree 
of  adaptive  and  penetrative  powers  tu  he  giveu  to  the  organ.  Moreover, 
ii  must  be  remembered  that  each  organ  is  m  dupliciiied  as  to  be  able 
not  only  to  work  in  association  with  its  fellow,  and  ttiuii  give  simulta- 
neous sensation  to  contiguous  and  related  cortex  cells,  hut  actunlly  ti> 
idd  new  peripheral  field-areas  in  which  useful  vision  can  be  obtained. 
Farther,  the  numerous  groupings  of  the  small,  delicate  rnusclcs  of  the 
Deck  which  so  unconsciously  and  yet  so  definitely  respond  with  every 
•eiiee   of   monocular  and  biuuoular    muveuiL-nt,  pluy   important  rules 
in  the  rapid  incn^ne  uf  vtaihie  directifni.     The  Hamc  muNt  be  true, 
tfaoagh  of  course  to  a  lower  functional  degree,  for  the  trunk  and  lower- 
extrcmily  muscles  in  the  indirect  motility  of  the  organs  of  vision.     All 
Uiese  related  physiological  acts  and  movements  decidedly  point  toward 
central  nuclear  connections  in  greater  or  less  degree. 

During  the  first  few  months  of  infancy,  the  apparent  movements  of 
t  eyes  are  so  much  at  variance  witli  what  roust  be  necessary  to  sustain 
inocalar  fixation  upon  single  objects,  that  there  uaimot  be  any  single- 
of  result  from  the  two  organ?  at  this  time  of  life.  Thi.t  incom- 
pleteness of  one  of  the  most  complex  of  the  nssociate<l  ocular  move- 
ments, would  seem  to  imply  a  similar  incompetency  of  the  purpose  of 
theother  associated  acts  of  the  two  organs.  It  shows  ilself  as  one  of 
the  many  incapabilities  of  co-ordination  in  this  incomplete  mite  of 
humanity.  If  projicr  progression  of  pliyaiologica!  action  takes  place, 
it  will  be  noticed  tha.t  the  binwular  motions  necesBary  for  synchronous 
action,  gnidiially  assuirie  a  purposed  and  detinile  tdiwngc  for  evei-y 
]>o^ition  desired. 

If  the  two  sensory  structures  act  in  harmony  and  give  combiiie<l 
pictures  of  single  projection,  it  becomes  necessary,  as  hsfi  been  pre- 
riously  explained,  that  every  two  related  element-groupings  should  be 
simultaneouMy  fixed  upon  the  extraneous  objects.  Just  here  is  one  of 
the  province*  of  the  muscle*  which  are  externftlly  attached  to  the 
ocular  globe.  Kemembering  that  the  ocular  globe  is  practically  a  sphere 
or  spheroid  set  in  a  cavity  of  sufficient  sine  to  allow  it  an  infinite  variety 
of  movements  around  a  fixed  cetttre,  termed  the  centre  of  motmt  or 
■e  of  rotation,  which  is  said  to  be  situated  intra-ocularly  1.77  milli- 
ineters  behind  the  middle  of  the  visual  axis,  we  are  immediately  brought 
to  tlie  basis  of  the  movements  of  .these  wusck'S.  This  basis,  from  which 
all  ocular  motion  is  estimateil,  is  knriwn  as  the  primanf  pmilfrm,  which 
may  be  undemtood  to  be  that  position  in  which  the  two  visuul  axes  and 
the  median  plane  aje  parallel  to  one  another.     It  is  assumed    when 
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th«  evce  of  a  Btanding  poison  are  fixed  upon  a  dietant  0Bt  WisoH- 
Atl  iQvnther  positions  are  known  as  the  aecomtar//  positions.  To  cfftc?' 
rliMi!  stations  or  positions,  the  eye  is  controlled  b;  aiz  atUclied  miucleff* 
wliicli.  upon  account  of  tbe  resutta  of  their  various  pbTsiological  actioti^v 
art'  iliviileil  into  three  &e|»rate  gi-oupings.  The  Hrst  and  moat  impor' 
liiiit  itt  iliat  produced  by  the  action  of  the  combination  of  the  external 
and  internal  rectus  muscles.  The  associated  acts  of  thexe  two  musdea 
are  productive  of  a  motion  wlileh  is  situated  in  a  cnrre  aronnd  an  axi^ 
Itnuwii  as  the  vrrtu-al  <ij-i> — that  is,  rerttati  to  the  horizon,  thus  K'"''i? 
»  Inleral  curvilinear  motion  to  the  globo  in  a  plane  known  as  the  plane 
of  thi-  t>frtifal  nxis.  The  second,  which  is  obtained  bv  the  coiubine«l 
acts  of  the  superior  and  inferior  recti  with  the  obliques,  gives  the  whole 
curvilinear  movement  in  a  plane  known  nn  the  plane  of  the  hvriiontal 
axia,  around  an  axis  which  is  made  by  drawing  a  line  from  the  temple 
to  the  root  of  the  nose.  This  axis,  known  inf,  the  horizontal  axiit,  ia 
inclined  posteriorly  and  outwardly  at  an  angle  of  sixt^-three  or  sixtj- 
■even  degrees  with  the  median  line  of  the  face  or  the  antcrior-poalerior 
ocular  axis.  The  third  motion  is  made  in  a  plane  known  a&  tne  fUa»$ 
ff  the  hni/ttutiinal  iixit.  Il  is  accomplishcl  by  the  action  of  the  two 
obli'|Ucs.  The  motion  is  said  to  be  about  an  axis  running  from  the  ocular 
centre  to  the  nucha.  This  axis  is  known  as  the  fonffituMnal  <tm.  It 
bisects  both  the  median  line  and  the  antero^pusterior  axis  of  the  globe 
ti  an  angle  of  about  thiny-five  to  thirty-nine  degrees.  These  serin 
of  movements  in  their  many  combinations  nre,  as  a  rule,  regulated  b)f 
a  law  known  as  Litting'M  law,  which  6ays  that  any  movement  to  a 
aecondary  position  is  in  reality  one  of  rotation  around  a  planal  axis 
that,  passing  through  the  centre  of  motion,  is  perpendicular  to  the 
visual  axis.  Recession  of  the  ocular  globe  U  obtained  by  simultaneous 
action  of  the  four  recti  (a  power  possessed  to  a  marked  degree  by  some 
of  the  amphibians — for  instance,  the  frog — tliough  but  slightly  notice- 
able in  man).  A  forward  movement  of  the  eyes  is  obtained  by  a  ood- 
joine<l  action  of  the  two  oblitjuea.  These  constitute  the  sum-iiital  of 
direct  extra^ocular  motions. 

In  the  human  ocular  apparHlus  both  the  monocular  and  the  binocular 
motions  are  onlinarily  timitcd  to  definite  degrees  which  vary  with  the 
condition  of  the  eyes  and  their  co-relationship.  These  degrees  of  result 
may  be  the  consequence  of  the  peculiar  method  of  movement  of  the  nnis- 
cle,  either  in  it8  individual  action  or  when  working  in  combination  with 
Itfl  fellow.  They  are  also  dependent  upon  the  comparative  shapes,  sizee, 
aad  poaitious  of  the  uculur  globes  themselves.  Taking,  for  in»)tance,  a 
single  superior  rectus  nnd  analy/.ing  it^  iiction,  it  will  he  found  that  it« 
ordinary  direction  of  pull  is  such  as  to  roll  the  forward  part  of  the  ey^— 
the  cornea,  with  which  we  are  most  concerned — up  and  in;  upward, 
because  its  tendon  of  insertion,  as  shown  in  d  of  the  accompanying 
figures,  slightly  modified  from  that  by  Merkel,  is  situated  above  the 
corniiL ;  inward,  because  iLs  origin  at  tlie  upper  border  of  the  optic 
foramen  is  placed  relatively  to  the  inner  or  nasal  side  of  the  some 

■  Aallif  vlHiitl  Uii«ur  onliiiaiT  <n>tiiiii  viKJDii  U  RttDBlAil  a  (tvf  Atgrtm  baUmr  itw  bcrriacm. 
Mi-lMncrliaiawumwladotTiiwiinllm-UDatiunnriiloiii  flllcwn  dwreei  to  iIm  hnrlMm  Iln«  far 
llw  lielglU  of  tlw  ;ien|«vUrti  puUiL 
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portion  of  the  eve.  Tbw,  however,  does  not  fully  fix  tbe  exact  course  of 
morajDeiit  wfaicu  ie  given  to  its  muscular  tiFunueK  iliiring  the  contraction 
of  tbe  fibres  from  their  insertion  towards  their  origin.  The  shape  of 
ibe  i^obo,  irhich  determines  in  mcusure  tbe  position  of  the  centre 
of  rotation  around  whose  axis  the  eve  is  mniie  to  revolve,  the  refraction 
of  the  organ,  the  pOMition  of  tlie  orhit  in  relation  to  its  contniueJ  eye, 
tod  the  coridilion  of  the  iiudcar  eijuipoAc.  lUl  jiluy  im|iortjint  purt«  in 
ihcBiudy  of  tite  precis  anglo  nf  movement. 

Jut  at  the  superiorly  situated  muscle  of  the  globe  lins  been  ana- 
\]vtiL  M  the  direction  of  pull  for  itt«  autjigonist,  the  inferior  straiglit 
mnscle,  may  be  8tudie<l.  Here,  a^  its  atiacbment  of  insertion  ie  placed 
beneatli  the  cnmcn,  aa  shown  in  &,  Fig.  5(j.  and  as  the  position  of  its 
origin  i«  lituated  up  and  in  from  the  point  of  the  attacbmont,  the  cornea, 
or  Ulterior  oegment  of  tbe  globe,  must  be  dragged  down  und  in. 
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INiiillAof  Uucrtiuuuf  Mira-ocul&riQUitclM.    (Ur.uKEU) 

n» Ifttan ■,  6,  e.  J  wiiTwtwl  tha  globi!  In  foDrdlfferDtii  jNMlUiiiia.    Tbd  bnmd  carrad  linn 

dwwtlNpotokof  ■itachmoniofiDUfcle*.   ThonltunUoiitoribcniiaMdmmclvii,  Mwnupon  tb* 

dicoalmaea «r  tte  tonr  ttjnirt*.  are  noi«l  bFthi-  inlllAl  IfCWr*  i  (iDferlor  rKtUil.i  («Up«rtor 

,  ■  ^lanwl  f«clt»).  nnd  E  (esturaai  rectuji. 

A  similar  aoalysis  of  tbe  interual  and  external  rectus  muscle  actions 
ill  vbow  that,  aii  tbe  poiiitx  of  tbe  ini^ertiou  und  origin  of  these  two 
luclee  are  situated  in  the  winie  horii^ontal  plane,  their  actions  must  be 
tliis  plane.  For  these  reasons,  the  anterior  segment  of  the  organ  is 
oved  borixontally  in  ibe  direction  of  tbe  acting  muscle;  the  amount 
circumlinear  motion  given  to  tbe  nasal  or  inner  side  of  the  front 
&ce  of  the  globe  being  greater  than  tUiit  nbich  is  given  to  the  outvr  or 
teniporal  face. 

Tb«  actton  of  the  unassisted  superior  obliijue  draws  the  vertical 
meridian  of  the  cornea  down  and  out,  giving  it,  at  tbe  same  time,  a 
rotatory  motion  from  above  below.  A  glance  at  Figs.  9  and  50  will 
make  this  clear.  Here  there  is  a  double  line  of  motion,  tbe  one  ex- 
tending  from  tbe  position  of  insertion  of  tbe  mu«cle  on  the  globe  to  its 
pulley  or  turning-point,  the  other  passing  from  the  pulley  to  the  origin 
of  the  muacle  at  ibe  optic  foramen.    In  couse4iience  of  this  break  in  tbe 
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direction  of  coQtracture.  the  functional  action  of  the  muBcle  is  limited 
to  the  portion  that  is  sitQate<l  between  the  glcAc  and  the  pulley,  and  as 
this  limited  action  niust  take  place  in  the  direction  of  the  6bre»  which 
run  fmm  the  globe  to  ttie  pullcv.  the  upper  part  of  the  globe  back  of 
the  equator,  to  which  the  muscle  h  attached  at  it<t  point  of  intwrtion, 
most  be  drugged  upward  and  inward.  Dragging  this  point  of  the  ball, 
which  is  in  the  posterior  segment  of  the  globe,  means  a  reTersa)  of  hkh 
tion  for  all  points  that  are  anterior  to  the  equator.  For  this  reascm  we, 
who  look  upon  the  anterior  face  of  the  organ  during  the  motions  ot  the 
eye,  notice  a  downward  and  outward  motion. 

The  inferior  oblique,  iu  it«  action,  gives  the  corneal  muniuit  a  move- 
ment upward  and  outward,  miutinjz  it  at  the  same  time  below  upward. 
Bemembering  its  attachment  to  the  globe  in  the  inferior  portion  of  the 
orbit,  aa  shown  in  the  6rst  illustratioD  of  Fig.  -30,  and  its  oti^n  at  the 
inner  wall  of  the  lower  front  edge  of  the  orbit,  as  shown  in  Fig.  9, 
we  8e«  that  its  individual  action  diagonally  inward  across  the  inferior 
part  of  the  eve,  must  menn  a  movement  of  tho  lower  posterior  portion  of 
the  globe  down  and  in.  This,  as  we  now  know,  will  throw  the  anterior 
&ce  of  the  globe  up  and  oat. 

To  fonnuTate  a  rule,  then,  bv  whidi  a  scientific  study  may  be  made 
of  the  action  of  any  simpl«^  muscle,  it  iit  merely  necessary  to  conader 
the  relative  position  of  the  centre  of  rotation  with  the  middle  of  tbe 
mnscle's  origin  and  insertion.  Here  the  direction  of  motion  is  always 
io  a  plane  calle<l  the  tnut'-ir  plane.  This  plane  is  made  through  the 
three  positions,  around  an  axiw  of  TtitatSon  known  as  the  axit  of  turn- 
ing, which  is  formeii  by  a  line  that  passes  perpendicularly  to  the  plane 
through  the  point  of  rotation. 

These  coostitate  the  methods  of  action  of  the  luuwles  taken  singly. 
Tfaongb  each  serves  as  an  individual  factor  iu  the  production  of  a  deG- 
nite  result,  yet  each  ttecome*  modi6ed  in  its  action  by  some  extraneous 
yet  related  condition,  when  it  becomes  necessary  for  it  to  work  in  harmony 
with  its  fellow.  The  combination  of  result  is  known  as  the  a$»ocitUioii 
0/  aeuJar  movements.  Here  each  muscle  give^  it.«  part  to  the  move- 
laenls  of  a  muscular  mechanism,  thus  allowing  the  combined  apparatus 
to  become  adapted  to  an  infinite  variety  of  poeitioiis.  .V?  eacli  indi- 
ridnal  muscle-im|>ulse  for  some  definiteW  chosen  ocular  movement  has 
ccmbioed  with  it  a  eommensunte  impulse  which  has  been  relatively 

S'tbo  to  every  related  muscle,  this  combination  of  muscle-actions  is  at 
B«  exceedingly  complex  in  character.  For  instance,  the  amount  of 
imMrrmtioD  and  action  ol  any  single  muscle,  which  is  measuretl  by  its 
statdiiiCBB  of  movement  until  the  utmost  tension  has  been  reached 
(whilst  the  summit  of  the  oonim  is  being  carried  over  a  definite  arc  of 
cnrruitre),  not  only  vanes  witli  the  tone  and  power  of  the  muscle  itself, 
but  ftlao  eunges  percentibly  with  the  connection  of  the  muscle  withone 
or  more  groupings  at  the  time  of  impulse.  Thus,  the  action  of  the  two 
moacles  nec«*»ary  to  produce  an  upward  movement  of  the  globe  is  very 
diffflKnl  from  that  rniuinxi  when  tiiere  is  an  inwanl  inclination  given 
■t  tbe  M»e  moment — the  inward  movement,  which  necessitates  the 
correcting  •etive  influence  of  a  third  mu»cle,  changing  the  muscle  bal- 
«Doe  aad  Beorasary  pull.  Or  in  one  of  the  binocuhu-  motions,  an  interona 


PHYSIOLOGY. 


99 


I 


when  sMociated  vitb  it$  fellow  for  bintx^ular  convergence,  acts  l««s 
powerfully  than  when  it  has  the  oppot^it?  oxterims  in  a«si>ciution,  a^  id 
Ut«ral  deviation.  Again,  the  cnmhlneH  action  of  the  nx  mascloft  neces- 
iuy  to  throw  the  two  eyes  !>tiiiultaneously  down  and  in,  probably  calla 
for  a  far  greater  amount  of  tunervalion  Hn<[  actual  impulBe  than  that 
which  is  r«i|uired  by  the  action  of  the  four  muecles  which  tend  to  throw 
the  eyes  directly  up. 

BrieSy  considering;  the  variouif  ocular  notionB  In  their  monocular 
groupings,  we  shall  6nd  that  we  can  properly  enumerate  them  in  their 
order  of  precedence  sufficiently  well  for  clinical  purposes  nnilor  eight 
types  or  classe-e.  Starting  with  the  primary  position,  wliere  the  muscles 
are  in  a  state  of  cr|uilibriuin  and  equipoise,  hthI  tlie  vertical  meridian 
of  the  cornea  is  at  its  normnl  an^le,  we  will  consider: 

1.  JJownwaT*t  anil  inward.  Here  there  in  a  couibined  muscular 
moreiueiit  tending  to  throw  the  unicrior  fiice  nf  the  organ  obliquely 
towanl  the  median  line  of  the  body  and  below  the  horizontal  plane  of  the 


Pie.  a. 


Flo.  so. 


SUP.O 


iNra. 

Kttvmcat  ilmmwiwl  «nd  inwMil. 


/     SUP.O 

INF.  R. 
Ibmouiat  TcrUcntlr  downw&m. 


Here  there  is  a  movement  which  serves  to  deviate  the  line  of 
into  a  position  where  it  is  of  the  greatest  advaniage — the  position 
rision  of  manual  movements.  This  moLiou  is  accomplished,  a»  shown 
in  Pig.  •'il,  by  the  sctive  influence  of  the  intemal  and  inferior  rectus 
musclen  and  the  inhibitory  influence  of  the  superinr  oblir|ue  muscle. 
The  inferior  rectus,  on  account  of  its  diagonal  position,  has,  as  can  be 
seen  in  the  Sgare.  a  tendency  to  drag  the  lower  border  of  the  vertical 
meridian  of  the  cornea  down  and  in,  thus  inclining  the  upper  edge  of 
the  vortical  meridian  outwardly.  Were  these  two  meridians  thus 
inclined  in  binocular  fixation,  they  wouEd  not  be  parallel,  and  there 
would    h*?  double  viHion,     To  avoid  this,  an  impulse  is  given  to  the 

riperior  ohIi*|ue,  which,  from  its  relative  position  and  aelion.  antago* 
Dixee  this  too  great  action  of  the  inferior  recti,  by  tilting  the  tower 
border  of  the  vertical  meridian  of  the  cornea  outwardly.  The  too 
inward  deviation  being  corrected  in  this  way.  the  vertical  meridians 
of  the  cornetv  be^wmc  pandlel,  and  binocular  vision  bevometi  eiingle. 

In  Fig  51,  and  in  all  the  rolaicid  succeeding  ones,  the  heavy  circle 
with  the  vertical  diameter  represents  the  anterior  face  of  the  right 
cornea  with  its  vertical  meridian.  Thedotted  circle  and  its  dottetl  vertical 
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diameter  show  tlie  position  of  tbc  same  eorncn  and  its  vertical  meridian 
after  the  desired  movement  has  l>een  made.  The  short,  beai-y  arrow 
connecting  tlie  two  centre)!  of  the  circles,  designates  tlic  line  of  resultant 
movement  of  the  comeiil  plane.  The  fine  arrows  dirorging  from  the 
circumference  of  the  lieavy  circle,  show  the  direction  of  m»jveraenl  given 
to  the  plane  of  the  cornea  by  the  mo&cle  the  name  of  which  is  printed 
at  the  extremily  of  the  arrow. 

2.  VerticaUjf  dmimteard.  To  effect  this  tnovement  twoactive  miucttlar 
contractions  must  take  place.  The  first  is  made  to  carry  the  vertical 
meridian  of  the  eye  downward  and  slightly  inward.  This  is  accom* 
plishcd,  as  shown  in  Fig.  52,  by  ilie  inferior  rectus.  The  second  is  done 
to  neutralize  the  undue  action  of  the  inferioris  in  drawing  the  lower 
edge  of  the  vertical  meridian  of  the  cornea  to  tiie  naail  side.  This  i* 
accompliabed  by  the  aid  of  the  superior  obliqae,  which,  as  in  the  pre- 
vious caoe,  exerts  a  compensatory  downward  and  outward  motion  to 
this  iK>rtion  of  llie  ocular  globe.  Here  the  problem  is  similar  to  that 
in  the  first  tv|te,  except  th-^t  in  this  elajw  of  action  the  internal  rectus 
is  not  brouglit  into  play. 

3.  Doumtcard  ami  imttrard.  Three  factors  are  here  necesfiary.  the 
first  two,  as  the  name  of  the  type  implies,  being  a  downward  and  an  out- 
ward motion.  Kach  of  these  two  is  consummated,  as  shown  in  Kig.  63., 
by  the  action  of  the  corresponding  inferior  and  external  straight  mus- 
cles.    Here,  however,  not  only  must  the  overhuluucing  action  of  the 
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inferior  recti  in  dragging  the  lower  extremity  of  the  vertical  meridian 
inward  be  compensated  for  by  n  corrective  cootrsution  of  the  superior 
oblique^as  in  the  previous  action,  but  an  addiiiunal  impetus,  which  con- 
stitutes the  third  fiictor,  must  be  given  to  thi»  last  muscle,  so  as  to 
enable  a  further  so-called  wheel  motum.  or  doviadoD  of  the  vertical 
meridians  of  the  comem,  to  uke  place  in  the  same  direction,  so  that  the 
vertical  meridixn  of  tlie  two  eye«  may  b?  parallel  in  associated  movement. 
Fig.  53  show;-  the  necessary  muscular  action.  To  reeapiinlate  this 
motion  :  Hemembering  the  physiological  process  oecessary  to  produce  the 
previous  result  of  a  downwanl  motion,  it  will  be  seen  that  an  additional 
impulse  to  carry  the  anterior  corneal  plane  outwardly.  Is  given  in  this 
type  of  moveroenL  Thia  outwan)  movMnent  is  gained,  not  only  by  an 
impulse  given  to  the  external  rectus,  but  also  by  an  increased  stimulus 
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u^iven  cu  Uie  superior  ublique,  which  help8  to  carry  the  ant«rior  face  of 
th*  cornea  ootwardly, 

4.  Iforaontaflif  outward.  As  the  centre  of  the  points  of  attachment 
of  the  external  rectus  am]  the  centre  of  rotation  are  siluateil  upon  the 
aaiue  horizontal  ptnno,  nny  motion  of  the  externus,  from  its  insertion  to 
its  origin,  vill  have  a  temieiicy  tii  move  the  vertical  meridinit  of  the 
cornea  moi-e  directly  outwunl.  Aa  ahown  in  Fig.  o4,  this  is  actualiy 
the  cafee.  Here  the  angle  of  pull  of  the  uiuHcle  und  the  angle  of  the 
corneal  movement  coincide.     The  vertiwil   meridian  moves  outwardly 

tin  a  direction  perpendicular  to  the  line  of  motion. 
■ 
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5.  Outward  aiui  upward.  An  upwanl  and  inward  movement  of  the 
antenor  face  of  the  oomea  by  the  superior  rcetUB,  diangetl  by  theaction 
of  the  inferior  oblique  into  a  directly  upwanl  motion,  in  association  with 
an  outward  movement  by  tlie  external  rectus,  are  tlit'  factors  in  thi» 
action.  Fig,  55  explains  this.  The  line  of  traction  of  the  Mipcrioris  up 
and  in,  is  devialeil  outwanliy  by  the  line  of  pull  of  the  inferior  oLilUjue, 
ahtch,  when  associated  with  the  outward  pull  from  the  external  rectus, 
throws  the  line  of  corneal  drag  still  further  downward  and  outward. 

ti.  Verticalltf  upward.  In  this  tvpo  of  iiinveiiient  the  conditions  are 
identical  with  those  of  the  last  class,  exempt  that  tbo  inferior  oblique  ia 
less  innervated,  aa  it  lias  only  its  correcting  influence  ujwn  the  superior 
reetUB  tu  |>erfi>nu,  and  the  exteruus  is  unuise'il  hs  an  nctive  motoi'.  In 
Fig.  56,  the  strong  upward  and  inward  impulse  of  the  superior  rectun, 
which  would  produce  a  movement  of  tho  vertical  meridian  of  the 
cornea  in  its  line  of  pull,  is  met  by  a  slight  upward  and  outward  im- 
pulse from  the  inferior  oblique.  The  resultant  line  of  motion  is  a 
directly  apward  movement  of  the  cornea  in  the  direction  of  the  vertical 
meridian. 

7.  Upward  and  inw'trd.  Here  the  internal  rectus  is  not  only 
brought  into  play  to  carry  the  vertical  meridian  of  the  cornea  inward, 
bat  the  superior  rectus  acts  also  to  drag  the  anterior  fdce  of  the  cornea 
up  and  in.  The  ^uperioris.  however.  <leviaH'8  the  u[ip*!r  edge  of  the  ver- 
tical ntcridian  inwardly,  and  thus  throws  the  horizontal  moridiaii  down 
and  iu.  To  avoid  this  cuuipticattou,  the  inferior  oblique  acC»  sufHcientIv 
to  lift  the  combinwl  line  of  pull  upward,  so  as  to  bring  the  line  of  pull 
of  the  superior  rectus  exactly  on  the  vertical  meridian.     Thus,  having 
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the  associated  force  of  the  three  muscular  actions  arranged  so  as  to  give 
an  e<]uully  cumbincJ  upward  aad  Inward  imjiulee.  the  resali  is  an  np* 
ward-inward  movcnieiil  of  the  corneal  face,  without  deviation  of  the 
vertical  iiieridiaii.     Fig.  57  shows  this  very  well. 

8.  IforizifnUilft/  intvinl.  This,  the  antagonisiic  action  of  tlic  oui- 
•Bfftni  movement,  \b  prodncetl  by  the  uneombined  action  of  the  int«rnas. 
This  can  be  understood  without  recourse  to  a  diagmtn. 
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We  thus  see  that  everv  peculiarity  of  movement  described  mefttu  a 
certain  relative  amount  of  co-operative  muscular  contraction.  Not  only 
is  this  so  in  reference  to  these  gross  manifestations  of  assistance  and 
antagonism,  but  it  is  always  present  in  any  form  of  monocular  or  bin- 
ocular action.  It  is  present  not  only  to  obtain  a  definite  regularity  of 
extra  ocular  muscle  action,  but  also  to  give  &xity  to  a  highly  movable 
globe  for  the  proper  consummation  of  such  action,  no  matter  in  what 
relative  positions  the  organ  may  be  physiologically  situated  with  its 
fellow.  Hence,  one  of  the  most  imjiortani  fundamental  principles  of 
binnoular  vision,  is,  that  the  two  fovcT  crnlralcs,  or  some  otJier  two 
corre!<;ponding  points  in  the  two  retime,  mast  receive  simultaneoiu 
impressions  for  singleness  of  vision. 

A  few  words  as  to  the  eyes  themselves:  Both  are  so  jtitttated  in  the 
head  as  to  give,  in  Porterfield'a  words,  not  only  "  greater  facility  "  to 
''convey  the  image  of  external  objects  to  the  common  sensoriuni."  but 
are  placed  there"becau8*rtlnihead  is  the  most  erect  and  most  convenient 
part  of  the  Body."  ami  "  that  it  in  the  inoet  cunveuienl  Place  for  their 
Defence  and  Security."  Each  bulbns  is  freely  movable  in  a  large,  roomy 
cavity  of  bone,  so  situated  as  to  allow  a  wide  lateral  6eld  of  vision. 
Each  end-organ  is  protected  in  front  by  a  broad-fissured  double  shutter, 
which  siuooihly  glides  over  its  anterior  face.  Each  eye  is  possessed  of 
an  apparatus  by  which  an  aijueouii  secretion  is  constantly  ejected  over 
its  smooth,  delicate  front  from  one  of  the  highest  points,  and  each  ante- 
rior face  is  continually  washeil  by  this  secretion,  which,  aided  by  the 
movements  of  the  lids  and  its  own  gravity,  is  alternately  aspirated  into 
and  forced  through  a  pair  of  minute  excretory  canals  at  the  tower  inner 
portion  of  the  apparatus,  so  as  finally  to  reach  the  nasal  cavity.  AVhen 
we  consider  its  dioptric  apparatus,  its  separated  and  coiyoined  museiilar 


PHT8IOLOGT.  103 

mechanism  for  focussing  and  fixation,  its  protective  coats  and  nutrient 
channels  of  transparent  fiuid,  and  its  sentient  sheet  gathered  into  a 
bundle,  to  be  carried  intermingledlj  to  a  combined  centre  for  percep- 
tion, ire  may  well  quote,  in  conclusion,  the  words  of  the  great  Porter- 
field  :  "  From  all  which  everybody  may  see,  what  a  noble  Piece  of 
Geometry  is  manifested  in  the  Fabric  of  the  Eye,  and  the  Manner  of 
Vision.  There  is  not  one  Part  of  the  whole  Body,  that  discovers  more 
Art  and  Design  than  this  Small  Organ :  All  its  Parts  are  so  excel- 
lently welt  contrived,  so  elegantly  formed  and  nicely  adjusted,  that 
none  can  deny  it  to  be  an  Organ  as  magnificent  and  curious  as  the 
sense  is  useful  and  entertaining.  Surely  it  cannot  be  said  without 
betraying  the  greatest  Ignorance,  as  well  as  Impiety,  that  the  Eye  was 
formed  without  Skill  in  Optics,  or  the  Ear  without  the  Knowledge  ot 
Sounds." 
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direction  of  contracture,  the  fuoctionnl  action  of  the  mnsde  U  timited 
to  the  portion  that  h  ttttuuted  botw«^n  the  cloW  aii<l  the  putlry,  and  19 
this  liriiilfMl  iictidii  miiHi  Uike  place  in  the  ilirection  of  the  iibres  which 
run  Irom  the  glohe  to  the  piillev,  the  upper  part  of  the  globe  back  of 
tho  enuator.  to  which  the  muscle  is  attached  at  its  point  of  insertion, 
muat  be  dnizged  tipwanl  ujid  inward.  Dragging  this  point  of  the  ball, 
which  is  in  the  poaterior  segment  of  the  globe,  means  a  reversal  of  ni*>- 
tion  for  all  {Minis  that  arc  anterior  to  the  oquator.  For  this  reason  we. 
vho  look  upon  tlie  nnterior  face  of  the  organ  during  the  motions  of  the 
eye,  notice  a  downward  and  outward  motion. 

The  inferior  ohiique,  in  ita  action,  gives  the  corneal  summic  a  move- 
ment upward  and  outward,  roiatinj^  it  at  the  »iine  time  below  upward. 
Remembering  its  attachment  to  the  globe  in  the  inferior  portion  of  the 
orbit,  as  shown  in  the  Hrst  illustration  of  Fig.  oO,  and  its  origin  at  the 
inner  wall  of  the  lower  front  edge  of  the  orbit,  u»  ahuwn  in  Fig.  9, 
we  see  that  its  individual  action  diagonullv  inward  across  the  inferior 
pan  of  the  eye.  must  mean  a  movement  of  the  lower  posterior  portion  of 
tlie  globe  down  and  in.  This,  as  we  now  know,  will  throw  the  anterior 
bee  uf  the  globe  up  niul  out. 

To  formiiTate  a  rule,  tlien,  by  which  a  scientific  study  may  be  made 
of  the  action  of  any  simple  muscle,  it  is  merely  necessary  to  consider 
the  relative  position  of  the  centre  of  rotation  with  the  middle  of  the 
muscle's  origin  and  insertion.  Here  the  direction  of  motion  i»  alwars 
in  a  plane  called  the  muftcle  plane.  This  plane  i»  made  through  the 
three  positions,  around  an  axi$  of  rotation  known  as  the  <izi>  of  tura~ 
ivit.  which  is  formed  by  a  line  chat  pat««)eB  perpendicularly  to  the  plane 
througli  the  point  of  rotation. 

These  constitute  the  methods  of  action  of  the  muscles  taken  singly. 
Though  each  serves  as  an  individual  factor  in  the  production  of  a  deti- 
nite  result,  yet  each  becomes  modified  in  its  action  by  some  extraneous 
yet  related  condition,  when  it  becomes  necessary  for  it  to  work  in  harmony 
with  its  fellow.  The  combination  of  result  is  known  a?  the  OMociation 
of  ocular  mpvementn.  Here  each  luuBcle  gives  ita  part  to  the  move- 
mentJi  of  a  muscular  luecliunittm,  thus  allowing  the  combined  apparatus 
to  become  adapted  to  an  infinite  variety  of  positions.  As  each  indi- 
vidual muscle- impulse  for  some  definitely  chosen  ocular  movement  has 
combined  with  it  a  commensurate  impulse  which  has  been  relatively 
given  to  every  related  muscle,  this  conibination  of  muscle-actions  is  at 
nmes  exceedingly  complex  in  character.  For  instance,  the  amount  of 
innervation  and  action  of  any  single  muscle,  which  is  meosured  by  its 
steadiness  of  movement  until  the  utmost  tension  has  been  reached 
(whilst  the  summit  of  the  foniea  is  being  carried  over  a  definite  arc  of 
curvature),  not  only  varies  with  the  tone  and  power  of  the  muscle  itself, 
but  also  changes  perceptibly  with  tlie  connection  of  the  muscle  with  one 
or  more  groupings  at  the  time  of  impulse.  Thus,  the  action  of  tho  two 
muscles  necessary  to  produce  an  upward  movement  of  the  globe  is  very 
different  from  that  required  when  there  is  an  Inward  inclination  giTeo 
at  the  same  moment — the  inward  movement,  which  ncceflsitates  the 
correcting  active  inlluence  of  &  third  mubde,  changing  the  muscle  bal- 
ance and  neeeesary  pull.  Or  in  one  uf  the  binoculur  motions,  an  intemus 
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when  a«8ociated  with  its  fellow  for  binocular  convergence,  acU  lesB 
powerfully  than  when  it  huH  ihe  o))[>oHite  extenius  in  asi^ocintion.  as  m 
ut«ral  rleviation.  Again,  the  comhineft  action  nf  Uic  ftix  tntmclca  necet;- 
my  to  throw  the  two  eyes  simultaneously  down  and  in.  probably  calU 
for  a  far  grcnter  amount  of  innervulion  and  Hutual  impubf  than  that 
which  lA  retjuired  hy  the  actioTi  of  the  four  muscles  which  tend  to  throw 
tlie  eycB  diiwiily  up. 

Briefly  considerinit  the  various  ocular  motiouB  in  their  monocular 
groupings,  we  ahall  find  that  we  can  properly  enumerate  them  in  their 
order  of  precedeuce  Bufficientlv  well  for  clinical  purpiwes  under  eight 
types  or  classes.  Starting  witli  tlie  pritnary  position,  where  the  niusides 
are  In  a  atatc  of  cfjuilibrium  ami  equipoiiie.  and  the  vertical  meridian 
of  the  cornea  is  at  its  normal  angle,  wc  will  consider: 

1.  Voumward  and  inward.  Here  there  ia  a  combined  must-ular 
movement  tending  to  ilirow  the  anterior  face  of  the  organ  obliquely 
toward  the  median  line  of  the  body  and  below  the  horizontal  plane  of  the 
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orgab.  Here  there  ie  a  tnovemeut  which  serves  to  deviate  the  line  of 
right  into  a  position  where  it  is  of  the  greatest  advantage— the  position 
of  viaioo  of  inunual  movement*.  This  niution  is  accoiuplifthed.  as  shown 
in  Fig.  ol.hy  the  active  influence  of  the  intenial  and  int'crioi-  rectus 
inascles  and  the  inhibitory  influence  of  the  miipiTior  ohliqno  mu»cle. 
The  inferior  rectoa,  on  account  of  its  diagonal  position,  has,  as  can  be 
seen  in  the  figure,  a  tendency  to  drug  the  lower  border  of  the  vertical 
meridian  of  the  cornea  down  and  in,  thns  inclining  the  upper  edge  of 
the  vertical  meridian  outwardly.  Were  these  two  meridians  thus 
inclined  in  binocular  fixation,  they  would  not  be  parallel,  and  there 
would  be  double  vision.  To  avoid  this,  an  impulse  is  given  to  the 
su|>erinr  oblique,  which,  fn)ni  iu  relative  jiof^itioii  and  action,  aiitago- 
nizea  this  too  great  action  of  the  inferior  recti,  by  tilting  the  lower 
bonier  of  the  vertical  meridian  of  the  cornea  outwardly.  The  too 
inward  deviation  being  corrected  in  this  way.  the  vertical  meridians 
of  the  corneae  become  parallel,  and  binocular  vision  becomes  single. 

In  Fig  "il,  and  in  ail  the  related  succeeding  imes,  the  heavy  circle 
with  the  vertical  diameter  represenUi  the  anterior  face  of  the  right 
cornea  with  its  vertical  meridian.  The  dotted  circle  and  its  dotle<l  vertical 
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diameter  show  the  position  of  the  same  cornea  and  its  vertical  meridiaii 
after  the  desired  movement  ha«  been  made.  The  short,  hea^-y  arrov 
connecting  the  two  centres  of  the  circles,  designates  tlic  line  of  resultant 
movement  of  the  corneal  plane.  The  fine  arrows  dircrging  from  the 
circumference  of  the  heavy  circle,  show  the  direction  of  movement  given 
to  the  plane  of  tlie  cornea  by  the  muscle  the  name  of  which  is  printed 
at  the  extremity  of  the  hitow. 

2.  Veriically  dotenward.  To  effect  this  movement  two  active  muscular 
oontraotions  must  take  place.  The  Rrat  \»  made  to  carry  the  vertical 
meridian  of  the  eye  downward  and  slightly  inward.  Thia  is  accom- 
plished, as  shown  in  Fig.  52,  by  the  inferior  rectus.  The  sflcond  is  done 
to  neutralize  the  undue  action  of  the  inferioris  in  drawing  the  lower 
edge  of  the  verticu.1  meriiljan  uf  the  cornea  to  the  nasiil  Hide.  This  is 
accoinpliahed  by  the  aid  of  the  superior  oblique,  which.  a«  in  the  pre- 
vioua  case,  exerts  n  compeni^atory  downward  and  outward  motion  to 
this  portion  of  the  ocular  globe.  Here  the  problem  is  mmilar  to  ^at 
in  the  first  type,  except  that  in  this  class  of  action  the  internal  rectus 
is  not  brought  Into  play. 

8.  Dotifnward  and  outward.  Three  factors  are  here  Qeceasary,  the 
first  two,  as  the  name  of  the  type  implies,  being  a  downward  and  an  out- 
ward motion.  Each  of  these  two  is  consummated,  as  shown  in  Fig.  53. 
by  the  action  of  the  corresponding  inferior  and  external  straight  mus- 
cles.    Here,  however,  not  only  must   the  overbalancing  action  of  the 
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Htfenor  recti  in  dragging  the  lower  extremity  of  the  vertical  meridian 
inward  be  compensated  for  by  ft  corrective  contraction  of  the  superior 
oblique,  OS  in  the  previous  action,  but  an  additional  impetus,  which  con- 
stitutes the  third  factor,  must  be  given  to  ihiH  last  moncle,  so  as  to 
enable  a  further  so-called  wheel  motinn,  or  deviation  of  the  vertical 
meridians  of  the  com«r.  to  take  place  in  the  same  direction,  so  that  the 
vertical  meridinn  of  tlie  two  eyes  oiny  be  parallel  in  associu-ted  movement. 
Fig.  i>3  shows  the  necessary  muscular  action-  To  recapitulate  this 
motion :  Remembering  the  physiological  process  ncees!tary  to  proilucc  the 
previous  result  of  a  downward  motioD,  it  will  be  seen  that  an  additional 
impulse  to  carry  the  anterior  corneal  plane  nutwnnlly,  is  given  in  this 
type  of  movemcnL  This  outward  niovenient  is  gitined,  not  only  by  an 
impulse  given  to  tlie  external  rectus,  but  also  by  an  increased  stimulus 
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given  to  the  superior  obli()ue,  which  helps  to  carrv  tlie  anterior  face  of 
the  coroeo  outwardlv. 

4.  IfuriionfaUy  outward.  As  tlie  centre  of  the  points  of  atbiclimcnt 
of  the  exteriiul  rectus  am]  the  centre  ot  rouition  are  i^itiiateil  upon  the 
•aiine  horizontal  plane,  any  motion  of  the  extemu!*,  from  it-s  inaprtion  to 
itj«  origin,  vill  have  a  teuiteDcy  to  move  the  vertical  meridian  of  the 
coniea  more  directly  outwanl.  As  shown  in  Kig.  54,  this  is  actually 
the  cafte.  Here  the  angle  of  pull  of  the  muscle  and  the  angle  of  the 
oonie«l  movement  coincide.  The  vertical  meridian  moveB  outwardly 
in  a  direction  perpendicular  to  the  line  of  motion. 
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5.  Outward  and  upward.  An  upward  and  inward  movement  of  the 
anteiior  face  of  the  oomea  by  the  superior  rectus,  changed  by  cheaction 
of  the  inferior  oblique  into  a  directly  upward  motion,  in  associotion  with 
an  outward  movement  by  the  external  rcetus,  are  the  lactora  in  this 
action.  Fig.  55  explains  this.  The  line  of  traction  of  the  supcrioris  up 
and  in,  is  deviated  outwardly  by  the  line  of  pull  of  the  inferior  oblicjue, 
which,  when  associated  with  the  uulwanl  pull  fruui  the  exLiirnnt  rectus, 
throws  the  line  of  corneal  drag  still  fnrtlier  downwanl  and  outward. 

f".  Verticafiy  upward.  In  this  type  of  movement  the  conditions  are 
.identical  witli  those  of  the  last  class,  except  that  the  inferior  oblique  Is 
(bm  innervate<],  as  it  has  only  its  correcting  influence  upon  the  superior 
recttiB  to  perforui,  and  the  extcmus  is  unused  »>(  an  active  motor.  In 
Fig.  60,  the  atronjE  upwanl  and  inward  imputne  of  the  superior  rectus, 
whi<^  would  produce  a  movement  of  the  vertical  meridian  of  the 
cornea  in  its  line  of  pull,  is  iiiel  by  »  slight  upward  and  outward  im- 
pulse from  the  inferior  oblique.  The  resultant  line  of  motion  is  a 
directly  upward  movement  of  the  cornea  in  the  direction  of  the  vertical 
meridian. 

7.  Upward  and  intcard.  Here  the  internal  rectus  is  not  only 
broueht  into  play  to  carry  the  vertical  nieridian  of  the  cornea  inward, 
but  tne  superior  rectus  acts  oUo  to  drnii  the  anterior  fjioe  of  the  cornea 
up  and  in.  The  superioriH.  however,  deviates  the  upper  edge  of  the  ver- 
tical meridian  inwardly,  and  thus  thn^ws  the  horizontal  meridian  down 
and  in.  To  avoid  thii^  complication,  the  inferior  oblii^ue  acts  sufficiently 
to  lift  the  combined  line  of  pull  upward,  so  as  to  bring  the  line  of  pull 
of  the  raperior  rectus  exactly  on  the  vertical  meridian.     Thus,  having 
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If  tlie  mirror  liut  a  cniicnvo  surface,  a  divergent  pencil  of  light  from  a 
Inminous.  point,  aft  for  instance  from  A,  in  Fig.  65,  strikes  tlie  mirror,  M, 
at  D,  aa<i  tliere  undergoes  reflection.  On  account  of  tlio  iuwanl  obliquity 
of  the  planes  composing  the  Burfaces  of  tlie  mirror  at  tlic  poims  struck, 

thi'  rcflfotcfi  rays  arc  thrown  to- 
^^•'^  gether  into  «  convergent   bundle, 

and  at  last  meet  one  ariotJier  at  the 
point  E,  known  as  the  /ocitf.  This 
iocu8.  OS  can  be  seen,  is  formed  upoD 
the  sBiiio  ^itle  of  llic  mirror  ai<  that 
upon  whii.'h  the  impinging  mys  fell. 
It  iH  a  retil  fonts.  If  the  eye  be 
placed,  for  instance,  at  K,  the  redeet* 
eil  rnys  of  ligiit  from  the  mirror  will 
RfAi  iDMoe.  P^''-'^  '"^^^^  ^^  '"  ^  convergent  man- 

ner. The  return  rays  of  light  will 
proceed  outwardly  along  the  same  linet!,  and  instead  of  coming  to 
a  fi>oti8,  will  form  an  erect  magnified  image  of  a  at  D.  This  image  is  the 
one  seen  by  the  eye.  It  is  known  as  a  rval  imitye,  because  it  ib  funued 
on  the  surface  of  the  mirror  at  the  pointa  of  bending  of  the  true  and 
existent  rays  from  the  object  into  the  eye.  Slioahl  a  plane  surface  or 
a  screen  be  substituted  in  the  position  of  the  retina  of  the  eye  at  E,  a 
small  image  of  the  luminous  bodv,  A.  will  be  found  upon  it,  just  as  it 
was  depicted  upon  the  living  retina  the  moment  before. 

Pro.M. 
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To  analyze  these  fccts,  so  that  an  adeciaate  idea  may  bo  formed  of 
the  differences  of  image-formation  producer!  by  the  various  changes  ia 
angles  of  incidence  and  reflection  through  peculiarity  tn  the  impinged 
surface,  it  will  be  best  to  consider  the  mirror-surface  an  wriiposeil  of  an 
infinite  number  of  small  facets  or  planes  which  src  inclined  towaH  one 
another  in  definite  directions.  Commencing  with  the  single  facet  or 
phioe,  we  will  study  the  effect  of  inclination  of  either  the  ray  or  the  plane^ 
so  aa  to  produce  a  departure  of  the  impinging  ray  from  an  angle  tliat  is 
perpendicular  to  liie  surface  of  the  fiicei.  In  Fig.  (ifi,  rtiere  are  three 
illustrations.  The  first  shows — as  will  be  ca.<iilv  understooi^  from  the  law 
demon.strated  in  Fig.  ti3— that,  on  account  of  tlie  incident  ray,  A  M  { Fig. 
6tJ),  being  perpendicular  to  the  plane  of  the  impinged  surface.  M,  the 
reflected  niy  m  a'  pra*;tiailly  paaso.4  outward  along  the  same  line  as  that 
occupied  br  the  incident  ray.  The  reason  for  this  is,  that,  as  there  has 
been  no  deviation  from  the  perpendicular  between  the  impinging  ray  and 
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Atte^tegeJ  sorfaoe,  and  u  the  angle  of  reflection  naunt  always  equal 
ihe  aD^lc  of  incidcoce.  the  reflectoil  ray  must  pass  out  aloug  the 
perfvendicular,  which  is  the  line  of  the  incident  ray.  The  angle  of  in- 
cidrace  and  the  angle  of  rejection  equal  nothing,  and  therefore,  the 
line  of  incidence  and  the  line  of  reflciuion  coincide. 

The  second  illnstr-ition  fihows,  that  although  the  impinged  surface  pro- 
serves  the  suoie  position  as  in  the  ftntt  illtji^tvation.  yet  u|)on  accouDt  of  the 
line  of  incidence,  a  m,  impinging  upcn  the  surface  at  an  obliijue  angle, 
the  line  of  reflection,  w  a',  is  (levifttedfirom  the  perpendicular,  p — accord- 
ing in  the  fundamental  law  given — at  an  angle  equivalent  to  the  one  at 
which  the  incident  ray  impinges  upon  the  surface  of  the  facet,  M.  The 
aiiglee  of  incidence,  amp,  and  rt^ectiou,  P  M  a',  being  equal,  the  linee 
of  incidence  and  reflection  diverge  or  separate  equally. 

The  third  illustration  shows  that  nlthongh  the  line  of  incidence,  A  M, 
fiasees  in  the  enne  direction  us  it  did  in  the  tiret  illustration,  yet  upon 
account  of  the  inclination  given  to  the  impinged  surface,  M,  tlie  incident 
ray.  A  M,  in  reality  falls  upon  the  mirror  in  an  oblique  manner,  and,  in 
consequence,  the  reflected  ray,  m  a',  is  deviated  from  the  perpendicular, 
P,  at  an  equivalent  angle  to  the  line  of  incidenct^  thus  producing  prac- 

itically  the  i«ame  result  as  shown  in  the  second  illustration. 
Applying  these  experiments  to  two  similar  facet*  placed  in  various 
relations,  it  will  be  noticed  at  1,  Fig.  i:»7,  that  nhoutd  two  parallel  per- 
pendicular incidences,  a  m  and  it  n,  strike  the  similarly  situated  facets, 
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M  and  N.  the  reflected  rays,  m  a'  and  N  it',  will  return  along  the  lines 
of  incidence  in  a  parallel  manner. 

.Sketch  '2,  Fig.  S7,  illustrates  that  although  the  impinged  surfaces, 
a  and  s,  hjive  not  been  cliatiged  in  any  way,  yet  on  account  of  the 
incident  my.%  a  m  and  li  N,  striking  the  facets  at  equivalent  oMique 
angles,  the  reflected  rays,  M  a'  nnd  N  it',  really  meet  in  front  of  the 
mirror:  they  have  become  convergent  and  come  to  a  focus  at  a  point 
thftt  is  dependent  upon  the  angle  of  incidence  and  the  lateral  sepanitiou 
of  the  liLcols.  If  the  refloccod  ritya  in  this  sketch  had  boon  conitiilered 
the  incident  ones,  the  conditions  would  have  been  reversed,  and  the 
lines  U  A  and  n  B,  which  imw  would  have  become  the  reflected  rays, 
would  have  widely  separated  iw  they  passed  outward  ;  they  woiilil  have 
become  divergent. 

At  3,  Fig.  67,  a  wmilar  efiect  of  convergence  is  produced  by  the 
impinging  of  parallel   rays  upon  surfaces  which   have  been  inclined 
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toward  one  another,  thua  reodering  tLe  impinging  t»j»  obIiqu«.  Here, 
although  the  incident  ra^B,  a  m  and  b  n,  are  parallel,  tlie  tnclinatiaa 
given  to  the  receiving  fa<M;tft,  M  anil  N,  so  alters  the  anglei*  ftf  incidence, 
AMP  und  B  N  P,  and  the  angles  of  reflection,  P  M  a'  and  P  K  B^, 
that  the  reflected  rays,  M  a'  and  n  b',  are  converged  or  bronghc  to  a 
focus.  The  convei'se,  as  explained  hy  the  second  illuslration,  holds  good 
here,  except  that  the  inward  tnclinntian  of  the  faccta  raiders  the 
reflected  rays  less  divcrgeni— in  f«ct,  parallel. 

At  4,  Fig.  07,  is  seen  Ijow  the  jjamllel  niys,  A  M  and  B  K.  falUug  apon 
the  surfaces  M  and  N,  which  have  been  deviated  from  each  otlier,  rnverae 
in  their  passage  outwanl  hs  re6ected  raya  id  exact  proporti<Mi  to  wt 
amount  of  outward  deviation  given  to  the  impinged  facets.  Here,  too, 
the  converse  proposition  holds  good  :  should  the  rays  be  reversed,  the 
convergent  incident  rays  will  paati  into  retlec-i<-d  pamllelisui. 
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PonnKtloti  of  an  uonoI  or  rlntikl  foctta. 

From  what  has  just  been  wid,  it  will  be  pen.-eived  that  ihe  aii 
mate  effect  of  the  receipt  of  a  ray  of  light  upon  a  reflecting  surface,  is 
dependent  upon  the  degree  of  obliquity  which  exisla  between  the 
impinging  ray  luid  tlie  impinged  surface.  It  will  be  further  seen,  that 
this  obliquity  can  be  obtained  either  by  causing  the  incident  ray  to  fall 
in  an  oblique  manner  upon  the  receiving  surface  or  by  inclining  the 
sorfeoe  itself.  Koth  these  conditions  will  be  associated  with  our  future 
studies.  lu  reality,  every  experiment  in  both  catopCrica  and  dioptrics 
will  have  chem  as  its  cs.'^ence  and  basis. 

Pursuing  the  experin^ents,  we  are  brought  to  Fig.  f>8.  In  this 
Sgure  five  facets  are  supposed  to  have  been  formed  into  a  long, 
narrow  concave  surface,  and  parallel  incident  lines  to  have  been  reflected 
and  converged  to  a  common  focus  at  F.  By  careful  study  of  the  figure, 
it  will  be  noticed  that  each  angle  of  reflection  is  equal  to  its  angle  of 
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incidence,  and  that  the  greater  the  inward  inclination  of  the  facet,  the 
gTMler  is  the  inward  deviation  of  the  reflected  line.  The  principle  of 
a  focus  haii  nov  been  determinod.  It  will  aUu  be  noticed  tliat  the 
write  of  perpendicalArs  proceeding  from  the  facota  come  to  a  comTnoQ 
pMDtoD  the  perpend icultir  of  the  central  facet  at  C.  If  measurement 
be  made,  it  will  be  found  th»t  theae  perpendiculara  are  all  of  equal 
length,  and  iliat  the  commori  point  is  really  the  centre  of  a  circle  with 
the  line  of  fiicets  as  the  cJrcumfei'ence.  Tlie  distance,  therefore,  along 
iDV  perpendicular  from  the  point  c  to  the  line  of  facets,  is  equivalent 
»  the  radius  of  a  circle,  and  ia  known  aa  the  railiuf  vf  curvature. 

Shottld  the  impinge*]  ftuHaceK  of  facets  be  conatructe<t  so  m^  Id  deviate 
from  one  another,  and  the  xnme  character  of  paniltel  ra^s  be  made 
iai'i<lent  to  these  surfaces,  as  in  Fig.  69,  the  study  of  the  angles  of 
incidence  and  reflection  will  immediately  show  that  the  reflected  raya 
will  never  come  to  a  focus  :  thej  will  be  dispersed  or  diverged.  Thus,  in 
Fig.  69,  the  parallel  incident  raya  strike  the  system  of  deviated  surfaeee, 
and  each  facet  sends  off  a  reflected  ray  at  an  angle  which  i»  equivalent 
to  the  angle  between  the  incident  ray  and  the  perpetidicular  from  the 

liicet.     On  account  of  the  outward  deviation,  the  perpendicular  of  the 

fiicet  ia  tlirown  outward,  which  causes  the  rejected  ray  to  be  diverged. 

Such  a  system  of  facete  acts  aa  a  disperser,  and  fails  to  bring|the 

reflected  rays  t«  a  focus. 
Pursuing  the  redearche^  stiU  further,  Fig.  70  ie  reached.     Uerejthe 

facets  of  Figa.  t)8  and  39  are  rtuppoaed  to  have  been  revolved  upon 

their  principal  axis.  c.    In  ao 

doing,    a    hollow,   baeiii-Iike  rts'^"™' 

cavity   has    been    produced,  \ 

composed  of  an  iDfinily  of 

fiLcets.     The    inner   side    of 

the  figure  may  be  assumed  as 

a  concave  or  converging  Mur- 

&ce,  and  the  outer  »4ide  ns  a 

convex  or  diverging  «urf'ace. 

The  evolution  of  two  types 

of  reflecting  surface  sufficient 

for  our  purjioae — the  concave 

mirror  and  the  emitjex  mirror 

—has  been  reached. 

The  effect  uf  tlic  imping- 
ing of  the  three  typos  of  Incident  rays — the  parallel,  the  convergent, 

and  the  divergent  beams — upon  the  inner  aide  or  concave  surface  of 

the  mirror  is  the  first  to  be  considered.     It  sliould  be  remembered 

|<iiat  here  all  the  fa  eel -surfaces  incline  inwardly,  and  that  the  ten- 
dency of  such  a  surface  is  to  bring  nil  the  reUectcd  rays  together 
to  a  common  focne.  As  ahown  with  the  double  facet,  the  length 
of  the  focus  varies  according  to  the  angle  of  incidence.  Suppose, 
for  instance,  that  n  bundle  nf  {larallel  raya,  A,  Fig.  71,  strikes  the 
concave  mirror,  M.  Eacli  ray  in  the  composition  of  this  bundle  must 
strike  a  facet  that  is  inclined  inward.  According  tu  the  law  of  double 
facets,  as   shown   at    S,    Fig.    67,  the    reflected    rays   nmet   form    a 
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convergent  pencil  of  liglii  vrhicli  will  come  to  a  focus  at  F.  In  th^ 
instance,  tins  point  in  kno'vrn  as  the  principal  focut^  aa  it  represents  the 
strenKtli  of  the  mirror  for  focutjsing  parallel  rays.  It  U  situated  od  the 
principal  axis,  about  midwuy  or  \ms  between  the  centre  of  cumtnre 
and  the  central  facet. 

Shoold,  however,  already  convergent  rays  of  light,  a»  \n  the  ooo- 
vergent  bundle,  a,  in  Fig.  72,  fall  upon  a  concsve  mirror,  as  at  m,  the 
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reflected  [lencil  of  light  will  be  more  converged,  and  the  focas  will  be 
much  shorter  and  more  intense.  The  incident  ray  has  already  indi- 
rectly accomplisLefl  some  of  the  work  of  the  mirror,  and  the  final  resolt 
is  necessarily  much  greater. 
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If,  however,  as  in  I'^ii;.  73,  the  incident  pencil  should  proceed  from 
some  definite  point,  as  at  A,  the  raya  will  fall  upon  the  mirror,  M,  in 
a  divergent  manner,  and  give  the  converging  mirror  more  work  to  do. 

Thif  increase  of  work  causes  a  diminished 
re.siilt.  thu?  giving  a  longer  and  less  in- 
tense focUH. 

IJaing  the  oppoatte,  or  convcjt,  surfaee 
of  the  min-or  fi>r  tlie  next  series  of  oxperi- 
mentH.  it  will  be  found  tliat  ic.  too,  is 
governed  hy  a  series  of  definite  rulw. 
Here  the  facet-surbces  are  all  deviated 
from  one  another,  and  their  tendency  is 
to  separate  all  the  reflected  ravs.  This 
separalion  or  divergence,  as  we  have 
already  learned  with  the  double  facets,  depends  upon  the  relation  exist- 
ing between  the  incident  line  and  the  reHecCiiig  surface.  Take,  for 
instance,  Fig.  74.  Here  the  pamllcl  beam  of  light,  A,  strikes  the  con- 
vex, or  di%-ergiDg,  surface  of  the  mirror,  M.     bach  individual  ray  of 


ViniJ&l  IbriM  of  pAmllcl  rar*  n^im  a 
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light  impinges  upon  the  facet  obliquely,  and  in  Buch  a  manner  as  to 
deviate  the  reflected  ray  outward.  Just  as  the  single  raj  of  the 
parallel  bundle  is  diverged,  so  will  the  entire  bundle  be  deviated,  and 
in  consequence  there  will  be  no  focus :  the  reflected  rays  will  be  widely 
scattered. 

Should  the  impinging  rays  be  already  divergent  instead  of  parallel, 
the  work  of  the  reflector  will  be  easier,  and  the  result  will  be  increased. 
Fig.  75  shows  this  very  well.     Here  the  divergent  incident  rays  from 


Fig.  75. 
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Virtual  focu8  of  divergent  niys  Trom  a  oonvez  mirror. 

the  point  a  become  more  and  more  widely  separated  as  they  approach 
the  mirror,  consequently  the  reflector  has  less  work  to  do,  and  the 
reflected  rays  leave  the  mirror  in  a.  more  diverged  manner. 

Could  a  plan  be  arranged  by  which  sufficiently  convergent  rays 
should  be  received  upon  the  mirror,  as  in  Fig.  76,  a  focus  of  reflected 
rays  would  be  obtainable.  As,  however, 
rays  having  such  incidence  are  ordinarily 
impossible  in  nature,  convex  mirrors  may 
be  said  to  fail  to  bring  objects  situated  in 
front  of  them  to  a  focus. 

Having  shown  that  such  surfaces  are 
composed  of  a  multitude  of  in6nitesimal 
planes  inclined  regularly  to  one  another, 
and  that  the  receipt  of  varying  impinging 
lines  produces  corresponding  results  in 
reflection,  the  variety  of  foci  met  with  are 
next  to  be  studied.  In  concave  mirrors  there  are  three,  the  first  two 
of  which  are  positive,  whilst  the  third  is  negative  in  character.  These 
are:  First,  the  principal  focut,  which  is  formed  in  front  of  the  mirror 
practically'  at  the  point  on  its  principal  axis  where  all  the  incident 

farallel  rays  meet  after  reflection.  This  is  shown  at  f,  in  Fig.  71. 
ta  distance  from  the  mirror  is  termed  the  focal  length  of  the  mirror. 
Second,  the  conjugate  focut,  which  is  purely  reciprocal  and  mutual, 
and  may  he  formed  on  any  line  from  the  object  to  the  mirror  upon 
which  all  the  reflected  rays  from  the  mirror  meet  to  form  a  focus. 
This  can  be  represented  by  the  following  outline  sections  as  seen  in 
Fig.  77,  where  the  dot  f',  in  every  instance,  is  the  conjugate  focus  of 
the  dot  F.  Third,  a  virtual  or  unreal  foeus,  as  previously  explained, 
and  as  shown  in  Fig.  75,  where  the  theoretical  point,  v,  behind  the 
mirror,  is  the  virtual  or  unreal  focus  of  the  point  a. 


Re»l    focus  of  tilgfaly  converKeat 
rays  from  a  fonvei  mirror. 


1  As  prerlousir  noted,  tbe  theoretical  sUuatton  of  tbis  focus  is  always  about  one-half  or  lew 
of  the  leDfth  or  tbe  rodlua  of  curvature  of  the  mirror. 
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.last  as  both  u  concave  and  a  convex  splicncal  reflecting  surface  is 
evolved  from  the  revolution  of  &  serica  of  plane  facets  iiboiil  a  common 
fixis,  so  can  the  so-ciilleil  cylindricHl  surface  be  evolved,  and  tbe  effect 
of  variously  iitipiuj^iug  mvK,  with  ilie  remultniit  positions  and  situations 
of  independent  and  coinbineil  foci,  be  »hown. 


Fio.  57. 


VuletleB  of  eoiijuipiu  lixU. 

Let  the  five  facets  in  Fig.  78  rcprenent  the  same  section  as  noted  in 
Fig.  68.  It  will  be  remembered  tbat,  in  Fig.  70,  this  section  wnx  re- 
volved abyiit  its  centre  Hue,  producinf»  both  concave  and  convex 
Hpberical  surface-".  If,  innteiul  of  this,  the  section  of  facets  in  Fig.  08 
should  be  moved  along  a  common  plane — a»,  for  instance,  along  tlie 
axis,  A  1>,  in  the  plane,  A  it  c  v — the  dinj^ram  in  Fig.  78  would  be 
produced.  The  whole  process,  therefore,  ia  simply  to  slide  the  section 
instead  of  rotating  it. 

It  will  be  oksiTved  that  this  figure  ia  praciicall3r  the  section  of  a 
Cylindrical  surface  with  its  nxial  plane  running  from  it  to  v,  and  its 

Pin.7«. 
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Eroluilon  of  m  n>uciiT«  nnd  onnv^x  cylindrical  aiirtace. 

degree  of  curvature  at  right  ariglee  to  that  plane.  It  will  also  be 
noticed,  that,  like  the  spherical  j^urfaces.  it  bae  both  a  concave,  or  con- 
verging, surfiice  and  n  convex,  or  diverging,  surface. 

The  effect  of  the  receipt  of  pai-allel  rays  upon  the  concave  surface  of 
such  a  body,  is  next  to  be  studied.  A  glance  at  Fig.  79  will  show 
that  should  a  series  of  mva  which  art'  parallel  with  tlie  eyIinder-axiA 
fall  at  any  point  upon  tbis  surface,  thev  will  be  reflected  upon  some 
point  situated  on  a  line  running  parallel  with  the  axis  of  the  mirror. 
Id  other  words,  the  optical  axis  and  the  true  axis  of  the  mirror  coin- 
cide.    Therefore,  instead  of  n  re..<7iiltanl  focal  point,  as  in  the  spherical 
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rarfiiceB,  there  is  always  a  resultuat  faatl  fine.  The  iliBianco  and 
position  of  this  focal  line  in  such  mirrors  are  practicallv  rtguJated  by 
the  eaae  law«  as  those  wbiuli  govern  tlie  fot-al  point  of  the  splierical 
enriacce.  The  more  convergent  the  impinging  rays,  the  shorter  will  be 
the  focus,  and  the  nearer  to  the  mirror  will  be  the  focal  line.  The  more 
divergent  the  impinging  ray»,  the  longer  will  be  tbe  focus,  and  the 
further  from  the  mirror  will  He  the  focal  line. 


naTa. 


ronMUoa  of  tiKui  Unt  fram  n  wiwar*  eylUidrlcai  RurfWc. 

raratlL-l  ravit.  as  before  shown,  place  the  line  at  or  near  the  distance 
of  the  principal  focus.  The  con^iidcraiion  of  the  effect  of  the  receipt 
of  planes  of  light  at  other  nnglev  will  not  be  considered  here.  This 
one  example  is  deemed  sufficient  far  our  jjresent  ]iurpoee. 

If  the  convex  Hurface  of  the  mirror  be  employed,  the  reflected  rays 
will  diverge  under  laws  which  are  ^liuiihirly  dependent  upon  the  degree 
of  curvature  and  the  angle  ot  incidence. 

« 

Dioptrics. 

When  a  my  of  light  is  able  to  pass  through  a  body  of  diflferent  den- 
sity from  that  of  the  one  from  which  it  came,  two  important  changea 
take  place.  Tlie  first,  wliich  is  the  more  im|U)rtflnt  for  our  pur|Mi8e, 
constata  in  the  change  of  velocity  of  tlie  vibration  constitutiug  the  ray. 
The  second  consists  in  the  change  of  amplitude  of  the  wave  itself. 
Should  the  transmitting  body  be  (lenner  than  the  surrounding  medium, 
the  ray  will  have  n  more  difficult  tA»k  to  perfurm  whilstt  pursuing  its 
course  through  the  dense  object  tlimi  it  limi  in  the  rare  medium.  The 
impediment  to  its  progressiou  is  increased,  and  in  consequence,  it  travels 
more  slowly.  Should  the  transmitting  body  be  less  dense  than  tlic  sur- 
rounding medium,  the  ray  will  make  easier  progress  than  it  did  before, 
and  will  increase  its  velocity  whilst  pasaing  through  the  object.  The 
rule  19,  Uierefore,  the  detiuer  the  medium,  the  more  slowly  the  ray  of 
light  passes  through  it,  and  the  less  compact  the  medium,  the  more 
i^oickly  the  ray  penetrates  it. 


lie 

Tlie  Hecoiid  proposition,  that  tlicre  ia  a  chaT)>;c  Id  the  aTii|>tiiudc  of 
the  wave  when  the  ray  paases  tlirough  diftVreiit  lueJia,  is  in  rtalitj  a 
corollary  of  the  former  statement.  The  slnver  the  velocity  of  tJio 
entering  my  h&s  become,  the  larger  and  eonrter  the  wave  must  he,  thus 
proiluciiig  a  change  in  the  color-eijuivaletil.  Should  the  velocity  of  the 
r»y  have  iiicrcaKGiTby  iu^  eiitmiice  intu  alossdense  liody.  the  wave  will  be 
made  smaller,  Thifl,  as  well  as  the  first  proposirion.  \»  graphically  rep- 
resented by  Fig.  60,  where,  in  tiie  first  inslaiice.  tlie  cube  c  is  composed 
of  material  more  dense  than  the  surrounding  niodium.  Here  the  incom- 
ing ray,  a,  has  its  wave  height*  and  depressions  enlarged,  witli  a  conse- 
quent decrease  in  the  number  nf  vibrations,  ihe  moment  it  is  compelled 
to  force  itii  way  through  the  more  resistjini  muss.  The  second  cube,  c', 
shows  that  the  wave-lengths  have  been  rendered  smaller  and  more 
numerous  by  the  ease  and  rapidity  ni  progresa  of  the  ray  through  a 
medium  of  much  leas  resistance  than  the  medium  through  which  it  ha« 
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oome.^     Here  the  cubOj  c',  is  of  less  density  than  the  aniTonnding 
medium. 

Tlie  relative  degree  of  density,  thi:n,  of  any  medium  is  known  a«  it« 
index  of  refraction,  this  being  designated  as  the  ahnnluU'  indtx.  of  et- 
fraction  when  it  is  compared  with  vncuuni.  As  the  diflerence,  however, 
of  the  index  of  refraction  between  air  ami  vacuum  is  so  slight.  »nd  as 
the  refraction  of  lenses  is  ordinarily  studied  in  a  medium  of  air,  the 
index  of  refraction  of  air  is  generally  assumed  to  be  equivalent  lo  that 
of  vacuum.  Assuming,  then,  that  the  index  of  refraction  of  air  is 
equal  to  1.  we  can  readily  determine  the  relative  index  of  refraction  of 
any  denser  or  rarer  medium  by  a  Hiniple  rule  nf  |irnpurtion.  Thus, 
takiog  the  most  common  cxamplt> — th:iL  of  water  and  air — all  that  in 
necessary  to  do,  is  to  determine  the  comparative  lengths  of  tlie  sines  of 
reflection  and  refraclinii.  and  the  result  will  give  the  relative  degrees  of 
density.  This  is  graphically  shown  in  Fig.  81,  where  a  circle  has  been 
drawn  around  a  point  of  incidenoe,  i.  Here  a  lino,  c  g,  has  been  carried 
at  right  angles  to  the  perpendicular,  P  d,  from  the  line  of  incidence,  A  i, 

>  Tbe  InpoirMiwe  of  Ibeeo  IntMr  cnmJiUotiK  t*  Uhiitmed  m  aDolbar  ponlrvn  of  Uiii  vol 
III  [III  ilMlPt*1i'ii  of  ■  Tnry  ItigL-iiioiitmlur-ltsI  for  ihclitiHrminiillonariliaaDidiiiitor 
dungca  in  uneuoidc  ejca. 
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ot  the  point  irbcrc  the  circle  cum  it,  thus  giving  the  sine,  g  e,  of  the 
angle  of  incidence,  A  i  p.  In  the  same  way  the  sine,//*,  of  the  tingle 
of  refraction,  c  i  rf,  is  evolved. 

Two  definitely  sized  ratio?  of  sine  are  thus  obtained,  which,  by  the 
single  rale  of  three,  may  he  used  to  compare  Che  kninvn  index  of  ru- 
fmction  of  the  one  component  (ttir),  witli  the  unknown  one  of  the  other 
(water).  For  instance,  if  the  ratio  of  g  e  anil  f  h  be  as  4  is  to  3 — in 
other  words,  if  the  former  be  hinger  in  proportion  aa  4  is  to  3 — the  two 
imlices  of  refmccion  mnst  bear  the  same  relation  to  each  other.  Thus, 
by  iorerse  proportion,  knowing  the  index  of  refraction  of  air  to  be  1 
and  die  proportion iite  length  of  the  ainoa  as  4  is  to  3,  wc  can  make  the 
following  equation :  as  the  length  of  the  sine  of  the  angle  of  incidence 
(4 — indirectly  representing  the  density  of  air)  is  to  the  sine  of  the 
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angle  of  refraction  (3 — indirectly  representing  the  density  of  water), 
so  is  the  index  of  refntction  of  air(l)  to  the  index  of  refraction  of 
irater:  that  is.  4:3::  1.333  :  I.  The  index  of  refraction  of  water  is 
1.333  as  compared  with  that  of  air  os  1. 

The  indices  of  refraction  of  several  chf  the  inojit  coiiunonly  met  with 
meilinmA  employ eil  in  uphthalmokigicHl  optics,  an  calculated  in  the 
$amr  manner  as  given  in  the  above  example,  are  here  horroweil  from 
Brewster,  for  ready  reference  : 

Vacniim  ,  ,         .        .  1 

Air .  l^ODUBl 

Wati-r I.MtDlJH 

Crown  itiMB  (uKd  fbr  iMnuls  faniflMi  .  l.VS  to  ijSM 

(irairt* ,  IMTtaiAW 

pilBiRUn l.5;!iMt.5a> 

Shonld  the  penetrating  my  of  light  impinge  upon  the  surface  of  the 
transmitting  body  at  any  other  than  n  right  angle,  the  course  of  the 
transmitte<l  ray  will  be  bent  or  refracted  from  the  direction  of  the  ray 
in  the  medium  from  which  it  came,  giving  rise  to  what  is  known  as  re- 
_/r<icffV)f,  and  the  degree  of  refraction  will  he  depeudunt  upon  the  angle 
of  incidence  between  llie  my  ami  the  phnii!  ni  tlie  iinjuTigfd  .-surface 
and  the  ratio  of  density  of  the  two  nicdi.i.'     In  other  wordg,  the  laws 

<  It  inikM,  nf  enant,  be  unrlAniand  tlMt  Ute  ptimatj  icmcle  ct  vt^rt-XtniMut  of  tEi«  Imptntlnir 
<TtHflBcableneMorihlxe<iiiAtl(in  will  be  <llirecttrd«d  nnd  wnililerMl  u  ft  Oxed  qiuiDUtr- 


OPTICS. 


of  reflection,  am  sluiwn  in  the  prcvirms  «t'CUf>n,  and  tluwe  of  refruction 
here  brought  forward,  are  exactly  the  SHme,  except  that  here  there  isaii 
additional  factur  hy  reason  ol'  ihu  ray  parsing  throngh  ujcdJH  of  (lifTerent 
flensities.  To  illustrate  the  passnge  of  these  my-'',  it  will  be  Vfell  to 
watch  the  progress  of  the  ray  throuj^h  media  of  greater  density.  Be- 
side being  ciisior  lo  understand,  the^c  are  tlic  (!oiiili lions  to  wliicfi  tlie 
eves  of  ordinary  Innil  aniuiaU  are  subjected,  »ntl,  of  course,  are  those 
ill  which  we  iire  the  ino»t  iiiiereKteil.  Consequently,  our  studies  will  be 
confined  to  thcite,  leaving  to  other  treatises  upon  such  subjects  the  con- 
sideitttion  of  the  vexed  problem  of  the  refraction  which,  under  certain 
circumslancea,  must  be  encountered  by  various  water  animals. 

The  influence  of  change  in  angle  of  iiiciilence  upon  the  passage  of 
rays  through  denser  raedin  is  the  next  point  for  considemtion. 

In  Fig.  82,  the  ray  of  liglit,  a,  strikes  the  denser  medium,  w,  at|right 
angles  to  the  surface.  In  the  second  diagram,  which  represents  (he  same 
figure,  the  ray  pn^<te}>  tlirongh  the  body  in  the  Kamo  direction  in  which 
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it  etitered.  Why  is  this?  It  is  because  the  ray  has  been  slowed  and 
Wfiftkened  in  its  progress  through  the  hody,  Hnd  ia  ifierefore  forced  to 
geek  its  way  in  the  ea.sir-''t  manner  through  the  denser  medium.  Here 
the  ettsiest  way  is  the  shortest :  this,  as  the  second  diagram  »liows.  is  ihe 
conlinuucioii  of  the  impinging  line  which  has  fallen  perpendicularly 
upon  the. surface  of  the  transmitting  body. 


Via.  ex. 
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fiuMcear  >ni)Mtiiaem)-lbr()<ighaini^iiiinor  IncrCMoil  ilmitlir. 

Should  tliiH  jierpendiciikr  be  deviated  from,  or  should  the  impinging 
ray  strike  tlie  b<»dy  at  an  oblique  angle,  it  would  not  only  bo  weaker  in 
itself,  but  would  meet  with  more  resistance,  and  il;^  weakness  would  be 
shown  by  a  constantly  increiising  departure  from  its  original  direction. 
Thus,  in  Fig.  83,  the  ray  of  light,  a,  which  hits  struck  the  denser  medium. 
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w,  at  an  oblique  angle,  instead  of  puraaing  its  original  course,  as  shown 
by  the  dotted  lines,  is  more  and  more  deviated,  until  at  last  it  emerges 
at  a  much  lower  point  than  it  would  have  done  had  the  body  been  of 
the  same  density  as  the  surrounding  medium.     So,  too,  in  Fig.  84,  the 
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Pumgeofa  my  through  a  medtum  of  increaseil  density  which  haabeen  locliiied. 

denser  body,  w,  being  inclined  so  as  to  cause  the  impinging  ray,  A,  to 
iall  obliquely  upon  its  surface,  the  ray  is  more  and  more  weakened  as  it 
passes  through  the  denser  medium,  and  is  thus  deviated  from  its  original 
line  of  motion. 

In  order  to  formulate  a  rule  for  this  change  of  direction,  the  follow- 
ing profile  (Fig.  85)  may  be  employed.     Ilere  the  ray  of  light.  A, 
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Beftactloa  of  a  ray  passing  (torn  a  rare  into  a  dense  medium. 

coming  from  the  rarer  medium,  e,  strikes  the  denser  body,  w,  and, 
instead  of  going  to  a',  is  deviated  to  C.  If  a  theoretical  perpendicular 
be  drawn  from  the  surface  of  the  denser  body  at  the  point  where  the 
impinging  line  stnkes  it  and  be  continued  into  the  body  toward  li,  the 
transmitted  portion  of  the  ray  will  be  found  to  have  been  deviated 
from  the  line  A  a',  toward  the  perpendicular.  The  amount  of  de- 
viation is  dependent  upon  the  ratio  of  the  densities  of  the  two  media 
and  the  original  obliquity  of  the  impinging  ray.     The  rule,  then,  is : 
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If  »  HIT  of  light  pa»!!«5  inEo  »  deni^pr  medium  at  any  ottier  nngle  than 
that  which  ih  perpenJiculnr  to  the  plane  of  the  surfscc  of  the  medium, 
the  ray.  instead  of  pas&ing  on  uninterruptedly  in  the  same  direction, 
will  be  deviated  toward  the  |>erpendicul»r  of  the  surface  of  die  denser 
medium. 

Should  the  tmnsmitting  medium  be  rarer  than  the  surrounding 
medium,  the  my  of  light  will  he  turned  away  from  the  perpendicular. 
A  glance  at  Fig.  StJ  will  ehow  this.  Here  the  ray  of  light,  a.  h  sup- 
posed to  have  originated  within  the  denser  medium,  w.  The  ray 
passes  through  the  denser  medium,  w,  and  reachett  the  rarer  medium, 
K.  At  the  point  of  entrance  inlo  the  rarer  medium  an  immediate 
change  of  dircetiun  takoiii  place.  The  ray  of  light  i5  now  thrust,  a»  It 
wen),  into  a  less  resisting  body,  and  in  coD8e<]ueDce.  it  moves  forward 
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if  n  rnj  pwslng  from  b  >tviiiu>  IiKk  »  rmtv  cumlluui. 


mth  greater  velocity  and  lU  nn  increased  angle.  Therefore,  instead  of 
pudng  along  it*  regular  couree.  a  a',  it  is  deflected  from  the  perpen- 
dicular, rd,  and  is  deviated  toward  c. 

Upon  these  few  facts  the  whole  theory  of  refraction  is  based.  By 
applying  ihem  to  a  series  of  diffi-ronces  in  [losition  of  the  impinged 
Burfaccs  and  impinging  linerf.  we  nhall  be  enabled  tn  understand  the 
entire  scheme  of  icuticutar  action,  which  playa  so  important  a  part  in 
pbyaiological  opticjf. 

First,  then,  let  the  9o-c«llcd  lens  be  evolved.  If  a  plain,  traDsptLreatj 
&cet  of  denser  material  than  the  surrounding  medium — ok,  for  instAnoBf^ 
a  ghisa  platP  situated  in  the  air — be  taken,  an<l  a  ray  of  light  be  allowed 
to  impinge  obliquely  upon  it  by  either  rendering  the  ray  itself  oblique, 
aa  m  Fig.  8-3,  or  having  the  surface  of  the  glosa  plate  at  an  angle,  as  in 
Fig.  84,  a  bending  of  the  transmitted  ray  toward  the  purpendicalar  of 
the  transmitting  plate  of  gLiss  will  occur  in  each  instance.  Should 
two  plateB  of  glass  be  plac^  in  such  a  position  that  they  will  incline 
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lowin]  each  other,  tlic  ray,  as  shown  in  Fig.  87,  will  deviate  downward 
as  it  paMea  through  the  6r9t  plate,  and  then,  on  Account  of  the  sur- 
face r>f  exit  being  parullel  with  the  surface  uf  entrance,  it  will  he  made 
parallel  at  a  lower  lerel  as  it  paftaei^  between  the  twri  platctt.  Arriving 
at  the  surface  of  the  second  plate.  whicL  is  iucliDed  in  a  direction 
opposite  to  that  of  the  aimilar  surface  of  the  first  plate^  it  deviates 
upward  1o  pass  through  the  second  plat«,  and  at  ]&»t  pursues  its  way 
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in  the  same  direction  as  that  given  to  it  before  any  refi-action  whatever. 
Here  the  two  different  incllnaliuns  of  the  four  surlaces  of  the  two 
plates  cause  tlic  ray  of  light  to  have  four  distinct  betidings. 

Suppose  that  two  of  these  surfaces  should  be  annihilated  by  filling 
the  space  between  the  two  plates  of  gloss  in  Fig.  87  with  a  glags-like 
material  of  the  same  density  and  transparency.'  Fig.  88  would  thuu 
be  produce"!.  Here  the  ray  of  light,  after  gaining  i-ntraiice  into  the 
combined  glass  substance,  continues  in  the  .same  deviated  direction,  aa 
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shown  in  Uie  second  diagram  of  the  figure,  until  it  meets  the  surfuce 
bordering  the  air  medium.  Upon  account  of  its  passage  at  this  point 
into  n  rare  metlium,  it  w  bent  from  the  perpendicular  of  the  surface, 
which,  as  can  be  seen,  carries  it  .*till  further  toward  the  base  of  the 
sabatonce.  The  8o-calle«l  prism-  has  been  evolved.  In  optics,  there- 
fore, the  -prism  is  practically  a  transparent,  weilge-Iike  nipiliiim  fnolo-fed 
in  part  between  two  platie  surfaces  known  as  the  refractltig  mr/acet, 

1  Tbe »«« sbore  Um  pUit««  Is  ttinnMiJ  la  Imn  hcen  AUnd  wHth  slwn  np  Ia  UiC  ftpex  of  Ike 
p:  IM  niotleornprewnUUlon  b<u«  adoptej  U  uerelir  to  ftrold  *■  comiuimied  Asun,  and 
•  tMsrioc  upon  tMB  ptiuM  ol  I  ht  )*rotitiin. 
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which  flre  incliiie<l  towanl  each  other,  the  piiiiit  of  meeting  heiufi 
known  as  the  ri/wx  or  eih^e.  and  lUe  broad  surface  connecting  their 
divcr>(ent  extremities  beinj;  termed  the  ^<iie.  The  amount  of  angular 
9e|)an»tion  of  the  two  n-fi'actinjj;  surfaces  is  known  as  the  refrnrtinij 
*»!*//•%  whilst  the  nniount  r>f  deviation  between  the  direction  of  tlie 
incid(>nt  rny  an*l  that  of  the  refracted  Vuy  is  termed  the  atufU  of 
deviation. 

Let  ua  pass  to  Figs.  89  and  9<1.  in  each  of  which  we  have  two  similar 
prisma,  the  first  place*!  base  to  base,  the  seoiind  phiced  apex  lo  apex. 
The  entering  niys.  a  and  B,  pierce  the  3iib«tanre  just  ii.s  before  and 
are  similarly  deviated.  In  the  first  diagram,  however,  it  will  he  noticed 
tliat,  on  account  of  the  enH>ring  ni^V'*  being  parallel  and  undergoing 
a  similar  degree  of  bending,  they  are  brought  to  a  common  point,  F, 
situated  upon  u  lino  continuou-i  with  the  base  line  of  iho  two  prisms : 
this  point  is  culled  a /ofujt.  The  prisms  have  acted  aa  convergers — 
they  have  brought  the  linw  together.  Not  bo  with  the  prisms  pliiced 
apex  to  apex  in  Fig.  *M.     Here  each  acta  in  its  own  proper  way.    Each 
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throws  its  ray  of  light  towanl  its  own  base ;  but  as  these  base*  are 
sepurated.  and  as  they  occupy  the  peripheral  border  of  the  two  aab- 
fltances,  the  raya  of  light  are  dei1ecte*l.  In  this  situnlion.  the  prisma 
fail  to  act  aa  convergers.  They  separate  the  rays :  they  cause  a  dia- 
pei'sion ;  they  weaken  the  force  of  the  light^stlmulus.  In  the  first 
instance,  we  have  iho  fundamental  principle  of  «  converging  or  convex 
lens.  In  the  Beconil,  w«  see  the  fir?>t  app«^ar;iiice  of  a  dispersing  or 
concave  lens.  Xn  mutter  how  intricate  i\w  surfaces  of  any  series  of 
lenses  may  be,  the  nnderlying  principle  of  action  is  embraced  in  these 
few  facta. 

Proceeding  fnrther,  we  are  brought  to  Fig.  91.  Here  is  n  aeries  of  six 
prisms,  four  of  which  are  truncated  no  as  to  allow  a  sei^uence  of  cxACt 
apposition  of  ba^  to  truncated  -turfnce,  thus  pmclically  making  a  com> 
picx  niodificniion  of  Fig.  >itt.  Each  section  of  prism  receives  it«  ray 
and  deviate.-!  it  toward  itabojie,  where,  according  to  the  lawsjuat  given, 
it  is  still  further  dev)ate<]  in  the  same  direction  as  it  passes  into  the  air 
beyond.  Moreover,  as  the  base  of  each  prism  in  the  series  is  situated 
toward  the  centre  of  the  figure,  every  my  of  light  must  in  tuni  be 
deviated  toward  this  centre,  and,  just  as  we  had  a  focus  formed  by  the 
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action  of  two  prisms  placeil  base  to  base  in  Fig.  8E^,  bu  here  we  have  a 
eimilar  ihough  denser  focus  formed  hy  the  six  prisms.  True  ns  this  is 
for  two  or  six  prisms,  just  a&  true  it  will  bo  for  a  multitude  of  prisms : 
just  as  two  or  six  prisnin,  phiccd  base  lo  bast-,  cnnvfirge  and  hvin^  ravs 
of  light  tu  a  focus,  so  an  itiBiiity- of  such  pri^ni!*  luuat  net.  Each 
prism  does  its  individual  work,  and  every  eompomul  of  the  saiue  iintuif 
will  do  greater,  hut  similar,  work. 

If  the  prisms  arc  reversed  and  placed  ajjex  to  apex,  as  in  Fig.  i'2,  a 
totally  diffen^nt  result  will  be  the  outcome  of  similar  uction.  The 
similar,  though  more  powerlul,  result  in  this  case,  is  itie  consequence  of 
similar  action  Ui  that  of  the  two  pri»tnis  jtluced  apex  to  apex  in  Fig.  ^>0. 
All  the  ravs  fall  toward  itip  hime  lines  m  the  prisms,  and,  as  these  bases 
are  siinated  peripherally  in  every  case,  every  emergent  ray  will  deviute 
toward  the  periphery  of  the  Hgure.     As  with  two  or  with  mx  prisms, 
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with  B  hundred,  or  with  au  intiiiitc  nuinbei' ;  t-very  :^egment  of  pn!>iu 
OS  a  diaporser  and  tends  to  .soparale  and  weaken  the  rays  nf  light. 

'ery  component  prism  excrtii  its  individual  action,  and  the  conbined 
result  is  one  of  general  dispersion. 

Fig».  IM  and  !*2  are  sections  only.  I'V.m  these  let  us  endeuvor  to  evolve 
the  ao-called  spherical  lens.  Just  as  the  series  of  facets  (in  Figs.  6^ 
and  6!t)  were  revoirod  upon  a  centre  line  lo  produce  Fig.  70,  whilst  we 
were  studying  reflection  from  spherical  surfaces,  so  here  a  definite  section 
of  a  spherical  tiody  with  either  a  convex  or  rtmcave  surface  can  be  pro- 
daced  by  revolving  Figa.  ftl  and  02  about  a  similar  centre  line.  Let 
the  convex  MCries  be  taken  first.  .'Suppose  a  line  of  axis  to  be  ilrawn 
llirough  the  centn'  Iiasp  line,  as  represented  by  the  heavy  dotted  lines 
in  Fig.  91,  and  that  this  line  be  used  upon  which  to  revolve  the  series 
of  prisms.  If  this  be  done,  it  is  evident  that  Fig.  !*8  will  he  produced. 
Here,  then,  is  a  figure  composed  of  an  infinite  number  of  prisms — a 
figure  that  is  buuuded  by  two  convex  surfaces — a  dense,  transparent 
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medium,  which  will  bring  all  manner  of  transmitted  ra^a  from  a  rarer 
medium  lo  a  series  of  common  foci. 

Liltewiae,  should  the  »ene»  of  prisms  in  Fig.  92  be  revolved  in  a 
plane  at  riglit  angles  to  the  centre  line,  the  cninimund  figure.  Fig.  94. 
composed  of  an  infinite  number  of  pri:«ma  with  tlieir  ba-^e^  turned  nwav 
from  the  centre  line,  would  be  produced.     A  glance  at  Fig.  94  will 
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show  that  here  there  is  n  body  bounded  by  two  concave  sur&ces — a 
dense,  imnsporent  medium,  which  will  tend  to  separate  all  tranamitted 
rays  as  they  pass  through  it«  substance. 

Upon  account  of  tliere  Iwing  »  double  surface  of  convexity  and  con- 
cavity in  these  two  bodien,  they  are  respectively  known  as  the  bi-^'oitvex 
lens  and  the  bi-'-omuive  lens. 

In  ordinary  routine  ophtbalmological  work,  it  is  necessary  to  have 
departures  from  tlicac  two  sot  forma.  The  unual  ehangiiN  employed 
may  be  roughly  apecilied  in  the  following  outline  sketches — Fig.  95: 
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The  first,  which  has  a  convei  burder  upon  one  side  and  a  plane 
border  upon  the  opposite  side,  ts  known,  from  those  two  surfaces,  aa  a 
planO'CMirex  lens.  It  acts  as  a  weak  convei^er,  and  will  bring  parallel 
rays  which  pas;  through  it,  to  a  long  fiicus.    The  second,  which  is  oom- 

ned  of  a  plane  and  a  concave  surface,  is  designated  ns  a  p}ano-conca»e 
L  It  is  the  opposite  of  the  first  lens,  and  causes  rays  to  diverge 
and  become  dispersed.  The  third,  which  has  a  convex  surfncc  ou  each 
side,  is  termed  a  bi-eonvex  or  double  convex  lens.  It  is  a  converger  of 
much  greater  strength  than  the  fintt  variety.     The  fourth,  made  of  two 
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ooneave  snriiMMS,  is  the  opposite  of  the  third,  and  is  called  a  hi-concave 
or  double  concave  lens.  It  is  a  strong  disperser,  and  separates  rays 
with  mnch  greater  facility  than  the  plano-concave  lens.  The  fifth  is  a 
combination  of  a  concave  and  a  convex  surface,  the  convex  surface 
being  the  greater  of  the  two,  thus  making  the  lens  act  as  a  very  weak 
converger.  It  is  called  a  concavo-convex  or  converging  meniscus  lens. 
The  last,  which  is  the  opposite  of  the  fifth  in  action,  is  also  made  of 
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two  surfaces — a  convex  and  a  concave.  Here  the  concave  surface  is 
the  greater,  thus  making  the  lens  act  as  a  weak  disperser.  It  is  known 
as  a  convexo-concave  or  diverging  meniscus  lens. 

In  like  manner  the  cylindrical  lens  is  formed.  Just  as  the  series  of 
reflecting  facets  in  Fig.  68  were  slid  along  a  common  plane  in  their  ax^ 
to  form  the  cylindrical  reflector  in  Fig.  78,  so  here  the  aeries  of  truncated 
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Fonnailon  of  a  focftl  line  tram  two  panllel  planes,  by  b,  combination  of  truncated  prisois, 
tonoin^  a  bi-convex  cylindrical  lens. 

prisms  in  Figs.  91  and  92  can  be  slid  along  a  common  plane  at  right 
angles  to  the  centre  line.  A  moment's  thought  will  show  that  Fig.  96 
will  be  the  result  of  such  motion  given  to  Fig.  91,  and  that  Fig.  97 
will  be  the  result  of  such  motion  given  to  Fig.  92. 

The  action  of  such  lenses  is  quite  simple.  Just  as  the  aeries  of 
parallel  rays  were  received  and  refracted  to  the  common  point  in  the 
single  series  of  prisma  in  Fig.  91,  so  in  Fig.  98  (which,  as  can  he  seen, 
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is  merely  a  lioear  multiplication  of  each  a  series  of  priBms),  the  resalt- 
ing  convergent  points  of  every  indiridual  Beriea  oompoaing  the  row 
must  make  a  line  of  conrergence.  This  line  is  known  as  the /oca/  Une 
of  the  cylinder.     It  ia  shown  in  Fig.  98. 
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Dlsperelon  ol  two  puallel  pUoeg  by  a  combination  of  tranoated  prfsmi,  Ibnnliig  ft 
bi-coucave  cylindrical  lens. 

The  letis  in  Fig.  99,  which  is  the  body  produced  by  the  lateral 
movement  of  Fig.  92  along  a  plane  at  right  angles  to  its  axis,  is  com- 
posed of  an  infinity  of  the  series  of  prisms,  these  series  of  prisms 
being  placed  side  by  side.     As  one  series  diverges  parallel  lines,  so  will 
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Plane  of  light  pasving  nndevlatlngly  tbrougb  the  mld-aida  of  a  blKX>nvflx  cylindrical  leu. 

each  successive  series  do  the  same,  so  that  instead  of  the  compound 
body  forming  two  single  rays  of  divergence,  it  will  produce  two  long 
planes  of  such  rays.  This  will  be  rendered  clear  by  study  of  Fig.  99. 
The  next  questions  that  arise  are.  In  what  direction  are  these  focal 
lines  formed,  and  with  what  part  of  tlie  lens  do  they  correspond?  Let 
the  illuminated  points  of  sources  of  light  be  changed  to  illaminsted 
lines  for  a  moment,  and  these  illuminated  lines  be  considered  as  eauung 
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planes  of  light  to  impinge  upon  these  two  varieties  of  cylinder  lens  and 
pass  through  them. 

Commencing  with  the  convex  variety  of  lens,  place  the  plane  of 
light  in  the  same  meridian  as  the  axis  of  motion  given  to  the  single 
series  of  lenses  composing  the  body,  as  in  Fig.  100.  Here  the  plane  of 
light,  A  B,  merely  passes  through  a  certuin  thickness  of  glass  in  its 
entire  length  to  a'  b',  and  there  is  no  deviation. 

Pot  the  plane  of  light  at  another  level  in  the  same  axis,  and  the 
only  change  will  be  a  deviation  of  the  entire  plane  inward,  the  autonomy 
of  the  plane  remaining  unaltered,  as  shown  in  Fig.  101. 

Fio.  101. 


Plane  of  Ugbt  nnlDtemiptedly  rerncted  tbrough  an  exceatric  portJou  of  the  axle  of  h 
bl-coDvex  cyllndrlcBl  leas. 

In  both  these  instances,  and  in  all  similar  examples,  each  ray  of 
light  composing  any  one  of  these  planes  goes  through  the  same  relative 
thickness  and  density  of  lens  material  throughout  its  entire  length,  and, 
in  consequence,  the  plane  of  light  is  unbroken. 

Should,  however,  the  plane  of  light  be  situated  in  the  meridian  at 
right  angles  to  the  axis  of  motion  given  to  the  prisms  in  the  formation 
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plane  of  light  pawing  tbrougb  a  bt-convex  cylindrical  lens  In  a  meridian  at  right  angles 
to  tbe  axil  of  tbe  leni,  refracted  to  a  point. 

of  the  cylinder  lens,  every  portion  of  the  plane  will,  as  shown  in  Fig. 
102,  practically  pass  to  a  common  point.  Here  the  points  A,  C,  and  u 
in  the  impinging  edge  of  the  plane  situated  at  right  angles  to  the  axis 
of  the  convex  cylinder,  are  refracted  to  a  common  point,  f. 

These  two  experiments  show  that,  in  the  convex  cylinder,  the  plane 
of  light  which  is  at  right  angles  to  the  axis  of  the  cylinder  is  the  one 
which  is  disturbed  or  broken  by  the  lens. 
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So,  too,  with  the  concare  variety  of  cylinder.  Here,  as  shown 
Fig.  103,  there  is  no  deviation  in  the  plane  of  tight  when  it  passes 
through  the  axis  of  the  cylinder.  Here  A  passes  to  a',  and  B  proceeds 
to  b',  making  a  line  of  refraction,  a'  b',  which  practically  corresponds 
with  the  line  of  incidence,  a  b. 
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Pkne  of  Uicht  pcwdDg  undevlatlngly  through  the  mld-axia  of  a  bl-ooacare  cylindrical  lena. 

Should  the  plane  of  light  be  situated  in  the  meridian  at  right  angles 
to  the  axis  of  the  cylinder,  as  in  Fig.  104,  the  central  ray  of  the  plane, 
c  c',  will  be  the  only  one  unaffected,  whilst  all  others,  as,  for  instance, 
A  a'  and  B  b',  will  be  diverged  and  thrown  toward  the  bases  of  the  com- 
ponent prisms. 

These  two  experiments,  therefore,  prove  that  the  utmost  refraction  of 
a  concave  cylinder  always  occurs  in  the  meridian  at  right  angles  to  its 
axis. 

Fia.104. 
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riane  or  light  peaslng  ihrougta  a  bl-ooncave  cylindrical  lens  In  a  meridian  at  rifibt  angles  to 
the  lens,  dispersed  Into  more  widely  separate  rays. 


In  ordinary  ophthalmic  practice,  there  are  several  varieties  of  cylinders 
employed.  The  first,  which  is  shown  in  Fig.  105,  is  known  as  the 
plano-convex  cylin<Ur.  It  acts  as  a  weak  converger  in  a  direction  at 
right  angles  to  its  axis.  The  second,  shown  in  Fig.  106,  is  composed  of 
a  concave  cylindrical  surface  upon  one  side  and  a  plane  surface  upon 
the  opposite  side.  It  is  a  weak  diverger,  the  strength  of  the  lens  being 
in  the  meridian  at  right  angles  to  the  axis  of  the  concave  surface.  It 
is  known  as  the  plano-coneave  cylinder.  The  third,  shown  in  Fig.  96, 
is  termed  a  bi-convex  cylinder.     It  has  double  the  converging  strength 
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of  the  pliino-convex  varietj.  Its  representative  action  is  limited  to 
the  ujeriiliHii  at  right  angles  to  the  axis  of  the  lens.  The  fourth,  shown 
in  Fig.  9",  is  composed  of  two  plano-concave  lenses  with  their  plane 
surfaces  in  juxtaposition.  It  is  a  strong  diverger.  ordinarilv  having 
double  the  ftrengrh  of  lis  progenitor,  the  plano-con«ive  Ions.  Its  uctinn 
is  ihat  of  H  ctrvnji  disperser,  whicli  is  greatest,  and  thtreftire  repiesen- 
Ifltive  of  the  lens's  slrenglh,  in  the  iiieri(li:iri  al  right  angles  to  the  axis 
of  the  lens.  The  fifth  is  conipfiaed  of  a  plano-concave  cylinder  and  a 
pliinocQnvex  cylinder,  fastened  at  right  angles  to  euch  other  by  their 

filane  snrfuces,  thus  making  a  conaive  meriainn  upon  one  side  of  the 
en».  and  n  convex  meridian  at  right  angles  lu  llw  cunt-ave  uifridiuu, 
upon  the  opposite  side.  Fig.  107  shows  iliig.  Such  a  lens  iict.^  as  a 
diverger  and  condenaer.  It  diiptrscs  the  rav«  of  one  nieridiiiu,  and 
converges  the  rays  v(  the  op}»()Kite.' 

There  are  several  other  foriiisiiflt'nH  emploved  in  ophthalmology,  hut 
as  ihey  do  not  enter  into  the  routine  use  of  every-tlny  work  and  are 
contiidereil  more  or  le.ss  as  curiosities,  it  has  not  been  thought  vrorth 
nhileto  describe  thecn  in  such  n  text-book  as  this. 
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?tUH>«oa«»x  cyliodilCAl  teiH.     PImiu-couc*t«  cyllnilrlciil  toiut,       CromcMl  cylindrical  V>[m. 


Each  lens  haa  an  axis,  which,  ».<)  can  he  seen  in  Fig.  110,  is  the  line 
connecting  the  centree  of  ewvnture  of  the  refracting  surfaces.  As  will 
be  understood  from  whst  has  been  snid.  every  lens  has  »  so-calted  priii- 
cipnl  t'ltcun,  which  represents  the  point  on  the  external  prolongation  of 
ihe  lens-axis,  to  whieli  parallel  rays,  or  tht>se  supposed  to  come  from 
infinity,  are  united  upon  cnicrgcnce  from  the  opposite  surface  of  the 
)am?  Thusi,  in  Fig.  1  ]  1  the  point  f  is  the  priiin|wl  focus  of  the  paral- 
lel rays  pnicecding  t'nim  \  and  ii.  after  piissing  through  the  bi-coiivex  lens, 
L.  In  a  converse  manner,  if  the  point  Fbe  conBvderpd  a  source  of  light, 
the  rljvergent  ray!>,  after  passing  through  the  lens,  r,,  would  be  panillel. 

The  distance  between  the  optical  centre  of  the  lens  and  the  posi- 
tion of  the  principal  focus  on  the  axial  ray,  is  known  ns  the  principal 
ff/f-ai  diatance,  and  depends  upon  the  refractive  index  of  the  lens 
and  its  degree  of  snirfiiee-ciirvaiurc.*.  Kvery  bi-convcx  lens  thus  has 
two  principal  foci,  one  for  each  surface;  the  one  knowu  as  \hv  firat 
lirineijtal  /oi'tu,  which  iniliaites  the  point  on   tlie  axi.al  ray  where  the 

_>  la  kU  ibSM  ftonnii  Ibure  luii)*  bu.  uf  coun^.  nU  rallu*  of  currea  t>et«rut!U  (lie  Iwu  mrfBOo. 

ElltbouMbc  nmcmbuK-t  dial,  n*  bu  ttociioLiv-atly  vxpUiluv],  tbi*  poitil  In  rMllty  1>  mflclr 
_l0KUcat.  It  bwlnt  in«Ui«tiiiiili.'iill>'  >tiiuil«il  al  dlirerfni  |io*lilnn*.  for  Initencc.  In  •njcwvnx 
MreDnmretplivrtcu  knx.  lurvvurjr  rinsof  tlKbt  whli'bl«  pOHCttulriu  Willi  the  nsnirat or  wtUl 
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mya  of  iiicitlence  should  unite  to  produce  n  pamllelisiu  of  the  conver- 
gent ny»  with  the  axial  ray  ou  the  oppoi^ite  «i()e  of  the  lens  ;  awl  the 
other,  known  &s  the  aeeand  primnpat /uima,  which  ia  ihe  point  of  union 
of  the  emergent  rays  upon  the  axial  ray  which  have  been  porallel  with 
the  axiat  ray  during;  their  incidence  ;  tlie  relative  position  of  these  jroints 
being  prtM/iV.'  or  neijadw  in  acconiance  with  the  rhnracler  of  the  lens, 
Its  surrounding  meiiium,  nnd  the  peculiarity  of  the  incident  ray.  Thus, 
in  Fig.  1"9,  v  is  the  second  principal  focus. 

Should  the  lens  he  unequally  curved  upon  its  two  refnvcting  sarfaoeB, 
these  foci  will  b^;  situated  at  pi'o portions te  distances  on  the  axis.  If 
the  two  surfaces  nre  equHtly  ciirv(><l,  thfv  will  be  at  the  }»me  distance. 
If  llic  entering  ravs  come  from  a  point  which  is  bevond  that  of  the 
priiictpnl  focu.s  and  nearer  than  infinity,  there  will  always  be  points  of 
reldtivc  foci  which  are  correlated ;  those  which  are  conjoined  are  termed 
conjugate,  foci.  The  rule  as  to  their  relative  position,  that  the  nearer 
the  focus  of  entrance  is  lo  the  Iciia,  the  farther  removed  is  the  focus  ol 
emergence,  is  based  upon  the  fact  that  the  morn-  obliquely  the  impinging 
ray  strikes  ihe  lens-suriacu.  llie  harder  in  the  work  of  the  lens  during 
the  pasaogo  of  ihe  ray  llimugh  it,  and,  in  coTiseqiience,  tlie  less  is  the 
angle  of  dcriation  obtained.  If  the  outline  sections  of  mirrorii  in  Fig. 
77,  illustrating  the  reciprocal  foci  of  reflection,  be  supposed  to  be  lenses, 
this  can  be  very  well  understood.  The  letter  p',  in  every  instance,  is 
the  conjugate  focus  of  v,  the  dot  i'  representing  the  relative  position 
of  the  principal  focus. 
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If  the  entering  rav-i  come  from  a  point  which  is  situtited  neni-er  the 
surface  of  the  lens  than  the  position  of  its  principal  focus,  they  can 
never  be  brought  together,  or  even  to  puralleliHtn,  upon  the  opposite  side 
of  the  tenit.  The  angle  of  incidence  has  been  too  great,  anri  the  lens  has 
been  too  weak.  The  outgoing  i-efracted  rays  would  continue  to  diverge, 
though  to  H  lesfiene<I  degree.  The  amount  of  this  refraction  is  e^iti* 
mated  bv  continuing  the  emergent  lines  backward  until  they  reach  the 
principal  nxts  of  the  lens  back  of  the  princijuil  focus,  thia  [loint  being 
Known  89  the  vtg/itivf,  uvrfoL  or  virtuai  /onm.  Thus,  in  Fig,  J08, 
the  rays  t'ruui  the  point  of  light,  a,  which  is  nearer  the  surface  of  the 
lent!,  I.,  than  the  pavilion  of  ihe  principal  focus,  p,  continue  to  diverge, 
though  to  a  lessened  degree,  after  emerging  from  the  opposite  surface 
of  the  lens*.  The  amount  of  work  perfuniied  by  the  lens  is  shown  by 
the  distance  back  along  the  principal  »x'\^  that  the  unreal  focus,  a', 
is  removed  frtmi  the  point  of  light,  a. 

As  the  concave  lens  sen'es  as  a  disperser — a  divergcr,  as  it  were— of 
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ail  forms  of  oniinary  raya  seen  in  nature  (pamllel  and  divergent),  the 
foci  here  are  utl  virtual  in  cliaracter,  the  rule  being  that  the  more 
divergent  the  impinging  m/,  the  greater  becoiuea  the  divergence  of  tlie 
emergent  ravK,  and,  in  (.'on>'et)uetire,  tlie  nliorter  in  tlie  negative  fnuus. 
If  the  impinging  rayi  be  parallel  to  one  another,  the  negative  focus 
will  be  situftted  at  or  slightly  inside  of  the  position  of  tiie  so-caiied 
priocipal  focus.  If  the  point  of  light  be  at  tlie  principal  fucua,  the 
virtual  rays  will  pass  away  parallel. 

Fig.  K>9  shows  very  well  what  is  meant — -where,  for  instance,  the 
parallel  lines,  A  It,  impinging  on  the  surface  of  the  bi-concave  lens  L, 
diverge  in  proportion  to  the  strength  uf  the  lens  (t>  furni  a  virtuul  focuBi 
Ff  wbich  IB  practically  Kituated  at  the  position  of  the  unreal  principal 
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focus  uf  the  lensK.  Were  a  n  more  divergent,  the  len»  would  have  le« 
to  do.  and  tlie  virtual  focus,  K,  would  be  nearer  the  surface  of  the  lonB. 
Should  A  u  he  convergent,  which  is  ordinarily  impi>MibIe  in  nature, 
the  p<jiQt  F  would  be  more  removed,  and  there  might  actually  be  formed 
a  real  focus  upon  the  opposite  side  of  the  lens. 

A  glance  at  Kig.  li*H  will  show  that  the  central  ray,  which  i« 
coincident  with  the  central  perpend iculnr  of  the  two  refracting  sur- 
fHces,  is  not  bent  or  refracted :  this  ray  is  known  aa  the  axial  or 
principal  rat/.  .\l  some  position  on  thii<  a.xial  my,  within  the  leris- 
3nb'*tance.  there  in  a  point  wliicli  is  known  aw  the  npfival  i-e-nire,  Tlie 
exact  iiituation  of  tliin  may  be  readily  obtained  by  comparing  the  length 
_'>11HliaB  of  one  surface,  ilrawn  from  the  centre  oi'  curvature  on  lite 
'ftxni  ray,  with  that  of  the  other.  Thus,  lor  instance,  were  the  two 
refracting  surfaces  of  a  biconvex  lens  to  have  ec]ual  length  of  radii, 
the  optical  centre  would  he  aituatod  on  the  tixia  midway  between  the  two 
Murfaces;  whereiut,  were  one  surface  of  greater  curvature,  and  hence  of 
shorter  radinst,  the  optical  centre  would  approach  that  side  of  the  lens. 
Again,  were  the  leuHes  of  either  the  plano-convex  or  the  plano-concave 
variety,  the  optical  centre  would  be  at  the  curved  surface,  whilst  in  the 
meniacus  forms  of  lenses  it  is  external  and  on  the  side  of  the  greater 
cnrvniure.  These  brond  rules  must  he  especially  remembered  in  the 
conaideration  of  thick  lenses  of  high  convex  power.  The  position  of 
this  centre  is  very  iniportani,  hetaiusc  every  incident  ray  passing  through 
it  becomes  emergent  in  a  direction  which  is  parallel  to  the  one  received 
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into  the  lens.  T!iis  in  so  on  account  of  ih«  fomtAtion  of  the  ftame-siEeil 
angles  with  the  radius  of  curv&turc  of  the  two  refracting  surfaces. 
Thus,  in  Fig.  It",  which  might  be  nmlli])lied  in  an  infinity  of  ways, 
ibe  incident  ray  of  liglit.  B,  impinging  upon  the  bi-convex  len»,  L,  at  it', 
is,  upim  account  of  prifimatic  action,  unequally  refractcfl  towiini  the 
central  hnse-linc  or  axis,  c"  c',  through  tlic  optical  centre,  o,  to  the 
opposite  surface.  :?',of  the  lens,  where,  upon  reacliing  a  rarer  metlium 
and  a  position  of  lens-surface  at  h"  which  is  paraltcl  to  that  where  the 

incident  rav  entered,  it  i.-!  made 
panillfl  to  u\v  entering'  rty.  though 
at  a  diflerent  level.  A  glstioe  at 
the  equality  of  the  related  angles, 
made  more  apparent  by  the  dotted 
lines  P' and  P,  which  represent  the 
'*'  radii  of  curvature  dmwn  from  the 
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C'  positions  of  entrance  and   emerg- 

^^''  eiice  of  tht'  ray,  shows   this    very 


clearly.  Rnyo  which  ilo  not  pass 
through  the  centre  of  curvature 
of  the  refracting  surfaces,  are 
known  as  the  Beeondfin/  fixes. 
Itfside  these  two  principal  foci, 
R  -i  there  are  four  othicr  important  points 

opUMloeiHro  in  every  refracting  system  that  must 

be  condidert'd.  These  are  known 
AS  the  fint,  or  miterinr  nodal  point ;  the  ttfoml,  or  poHtfriar  nodal  point  ; 
the yir*(  principal  point,  and  the  eecond  principal  poi?it.  Collectively, 
together  with  ihe  twn  principal  foci,  they  ore  termed  the  cardinal 
poinii.  There  are  also  four  planes.  The  two  which  pass  through  the 
principal  points  are  known  as  the  tirH  prineip'rl  y ?f tHtf  and  the  tecond 
principal  plane;  and  the  two  which  pass  through  the  principal  foci  are 
restpcctivcly  termed  the  fir»t  focal  plane  and  the  second  focal  plane. 
The  easiest  wav  to  realize  the  posiuon  of  [lie  two  nodal  points  is  to 
continue  the  direction  of  the  emergent  ray  into  the  lonH-suhstance 
until  it  reaches  the  lens-axis.  Thus,  in  Fig.  1 10,  the  incident  my,  R  r', 
priiloiigetl  without  refraction  until  it  reaches  the  lenp-iixic,  s"  s',  gives 
the  position  of  thp  untMior  nodnl  point,  ic':  whilst  the  emergent  ray, 
r"  h'".  prolonged  huckward  through  the  lens-suhstaoce  without  bend- 
ing until  it  reaches  the  lensaxis.  c"c',  gives  the  position  of  the 
posterior  nodnl  point,  k'.  They  rcprosenl  the  small  amount  of  devia- 
tion (which  can  thus  be  metisured  along  the  lenH-axis  from  the  optical 
centre,  or  by  iriimgululirm)  experienced  hy  every  .secondary  axis  as 
it  pawes  through  the  Ivus- substance.  The  two  principal  points  also 
practically  represent  the  average  jiosition  of  the  curvaturee  of  the  two 
lens-surf»ces  on  the  lens-axis. 

Just  as  tiie»e  rules  apply  for  a  single  ray  of  light,  ao  thoy  would  for 
any  number  of  rays.  Just  as  the  rejection  and  reft-ncrion  of  light-ravs 
have  been  studied,  so  can  those  of  object-rays  be  similarly  studied. 
Just  as  one  object-ray  gives  its  single  image,  9x\  would  the  entire  col- 
lection of  object-rays  received  from  any  object,  give  a  composite  image 
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of  the  object  so  rellecteil  or  refmcted.  Bo  the  iniBgc  of  the  object 
never  so  bent,  distorted,  enlarged,  or  diinitiislied,  llie  rales  above  given 
Uricllj  appl^>  No  matter  what  the  image  from  any  given  objcci  may 
I8|totili  in,  the  laws  are  abflnlutely  tixed.  In  fact,  every  such  problem, 
noweverahstniite  or  complicated,  can  be  solved  with  mathematical  oer- 
taiiiiy.  In  other  wonla,  the  study  of  any  image  produced  by  any 
form  of  lens,  whether  reji)  or  virtual,  can  be  resolved,  just  a8  with 
lighc-ntys,  iuto  the  study  of  jmlividual  rays  from  a  scries  of  object- 
points.  For  example,  if  any  object-rny  be  refracted  through  iheopticiU 
centre,  the  image  will  be  receiveil  upon  that  portion  of  the  ttcreeii  that 
is  placed  upon  the  opixMite  Hide  of  the  len^  »t  right  angles  to  the 
line  of  incidence.  Further,  if  the  same  object-rav,  just  as  with  the 
light-ray,  passes  through  tlie  lens  purailel  to  the  axinl  ray,  it  will  be 
bent  down  to  the  principal  focus  of  the  lens  on  the  axis.  These  two 
hcts  known,  it  is  eitsy  to  calculate  ifie  aixe  and  poi^itiou  of  any  image 
formed  by  a  lens.  A  graphic  illustration  is  ^iven  in  Fig.  Ill,  which 
represents  one  of  the  simplest  forms  of  convex  lens — the  oi-convex. 

Fte.  111. 


fddtlnB  ami  die  or  rvitmr.,  tval  ktu)  illnittilnhrrl  Imnge  Rmnral  by*  t:dp«onVex  leDAflxnilftll 
gbject  (liunUxl  Ij«>'uiiiI  tht:  )>Hiiul[w1  dwu*  uftW  leur 

Here  the  rays  pa-fsing  from  the  peripheries  of  the  object  tine,  a  b, 
form  the  image  line,  b'  a',  on  the  other  side  of  the  lenn,  I.  As  the  two 
extremes  of  the  object  line,  a  n,  practically  comprise  the  eniirc  mnnlwr 
of  object-points  between  them,  these  two  are  sufficient  for  explana- 
tory purposes.  First  let  analysis  of  the  refraction  of  the  posterior 
point.  A,  be  maile.  Remembering  ihiit  the  exact  direction  of  a  refraction- 
pifint  from  tiie  oltjei:;t-point  eiui  he  obtoincd  by  drawing  a  line  from  the 
object-point  through  and  beyond  the  oprii'jtl  centre  of  the  lens :  and 
knowing  that  the  position  of  the  derived  image-|wtnt  is  on  this  line  (or 
in  reality  the  prolonged  secondary  axi^),  and  that  it  niu^t  he  situated 
where  the  emergent  ray  of  h  line  which  has  been  dniwn  par«llel  in  the 
axial  line  fmm  the  object-point  coincides,  it  will  be  found  by  reference 
(0  the  diagram,  that  the  image-point  must  be  at  a',  which  is  in  a  reverae 
ponitioi)  to  that  of  Ihe  object-point  A.  So  also  with  the  iuiuge-point  B', 
from  the  object-point  n,  and  fm  with  every  intermodiau:  point,  thuit  giv- 
iitga  diminishetl  reverse iii].igf>.  n'  a',  of  theohject,  a  n.  Moreover,  as 
be  understood  without  further  resort,  to  diagrams,  the  magnitude 
position  of  the  imago  can  be  altered  either  by  making  a  propor- 
tionate increase  or  decrease  of  distnrice  of  the  object  from  the  len^,  or 
by  keeping  the  object  at  a  fixed  point  and  employing  lenses  of  vary- 
ing focal  lengths.     If  it  is  desired  to  brighten  or  strengtlien  the  image, 
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all  that  is  necessary  to  do  is  to  increase  the  urea  of  its  refructing  sur- 
face :  for  instance,  a  bi>convex  tens  nf  sixty  millimeters  <li»iiteter  will 
concentrHto  double  the  number  of  rays  that  will  be  concentrated  by  one 
of  thirty  millinu'terft  rititmotor. 

A;!  WHS  explainiHl  wliile  stuilyin^  the  laws  of  rpfrncrion  of  convex 
lenses,  if  the  gbject  be  p]»ced  between  tVie  lens  »n<l  iUn  principal  foctls, 
the  niys  will  ho  diverj^e  tiiiit  they  fiinnol  be  brought  tn  h  focus  upon 
the  opposite  side  of  tlie  lens,  and  hence,  no  image  of  the  object  can  be 
produced  upon  that  side.  Should  the  lines  of  the  diverging  emergent 
rays  be  continued  directly  backward  <of  course,  with  a  slight  necessaiy 
deviation)  through  the  Lenit.  they  will  meet  upon  the  same  side  of  the 
lens  aa  the  object  nnil  prndiici.'  a  grenlly  lungnifjed  iiiid  erect  virtual  or 
unrcnl  image  ot  the  object. 

Thus,  in  t'ig.  11;^.  the  object-]ioint  A.  of  the  object,  A  B.  vends  it»  two 
raya  of  incidence  to  the  lens.  One.  which  is  parnllel  with  the  axial 
ray,  falls  to  a  focus  at  the  pnncipnl  focus  of  the  lens,  F',  upon  the  oppo- 
site side.  The  other,  the  aecondiirv  ruy  (which,  on  account  of  the 
nearness  of  the  object  to  the  lena.  hns  acquii'cd  so  much  divergence 
from  the'  first  ruy  luf  it  is  prolonged  thruugh  the  optical  centre,  o.  that 
it  can  never  intei-aect  the  first  ray  after  enifrgence),  fails  to  make  a 
real  image-point.  In  otlier  words,  the  otject-poini  a  can  never 
form  an  image  on  thai  side  of  the  lens.  In  tike  manner,  the  object- 
point  B  can  never  form  nn  image,  nor  c^n  any  of  the  intemtediate 


Poelllon  and  r!iu  oT  «ivc1,  vinual  and  innitiiir'<.''(l  tniHtfv  fttrniod  bf  »  bl-cnnvcz  lena  tlwa  Wi 
flblcct  Mtnalnl  wlllilli  lliv  iirl»r-l]>nl  roru>i>rilio  lent. 

points  except  the  single  axial  ray  between  a  and  ii.  From  what 
has  been  learned,  however,  should  all  the  corresponding  lines  of  tiie 
cmergeni  rays  be  carried  backward  through  the  lens,  they  will  meet  at 
a'  and  b',  and  thus  form  a  greatly  enlarged  and  i^imitarly  positioned 
image  of  the  object  upon  the  name  side  of  the  lens  as  the  object  itself. 

If  any  fi)rin  nf  cotieuve  lens  be  employed,  the  image  of  any  object 
formed  by  il  will  be  virtual  in  character  and  dimiiiistied  in  size. 

For  instance,  in  Fig.  1 1  -J,  whicli  represents  a  hi-concave  lens  of  efpia] 
oorvarures  of  Burface.  the  rays  of  light  from  the  two  extremities,  a  and 
B,  of  the  olject.  A  H,  cun  be  followed  ulung  their  apecial  incident  lines 
until  they  penetrate  the  lena,  i.,  where  they  are  markedly  diverged  bv 
the  dispf'i-sing  power  of  the  lena.  Emerging  a.s  divergent  rHV-i,  thev 
can  never  come  to  a  focus  on  the  fur  side  of  tlic  lens.  If,  however. 
these  rays  be  followed  backwjinl,  it  will  be  noticed  that  now,  ncting  as 
Strong;  convergers,  they  come  ijuickly  to  their  pointa  of  intersection 
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between  the  lens  ami  the  ubject,  each  reiiiaininK  on  its  own  side,  thus 
forming  a  smsll  sitnilarlv-positinneil  image,  a'  ri  ,  of  the  object.  A  n.' 

it  muxt  not  be  forgnltcii  that  in  ilU  these  calculations  there  is  n  litait 
to  the  angle  at  which  ouy  rny  thni  can  umlerg'i  refraction,  can  form 
with  the  pvrpentlicular  of  the  refracting  surfnce  of  the  meilium.  This  is 
known  as  the  limitint/  or  critical  utujlc  tif  n:f fiction.  It  ir  liiflTereni  in 
■different  media,  and  varies  with  the  relative  indices  of  refraction  of  any 
two  media,  is  reached  when  either  the  incident  or  the  emergent  ray 
passes  one  of  the  refracting  surfaces  in  n  direction  purallel  to  it.  Care- 
ful experiment  has  shown  that  the  limiting  ungle  for  vacuum  nnd  for 


N 


IVaitlon  ami  )di*fir erect,  vtrlunt  »tid  illrninliihwl  Irilso  f^numl  by  n  bl.«onaa*«  ImM  fVvia  an 
Dt4«L'i  diiMiw)  bejDud  the  pdndpftl  tocut  of  iIm  Iuu*. 

water  iaeqnal  to  48°  '21'  40";  that  th»t  necessary  for  vacuum  and 
for  flint  glass  e(|ua!s  .18°  41";  and  that  that  whirli  is  rer|nired  for  \'acuum 
ud  for  crown  jj'"**  (this  being  generally  the  one  used  for  spectacle 
lenees)  is  40*^  3H'. 

A  qaadrangular  slab  of  ordinary  crown  glass  situated  in  a  medium  of 
wr  e^ipressM  very  well  what  is  meant.  Here  thoerer-increasing  diver- 
gent rays  of  light  emanating  from  any  deSnlte  point  in  the  interior  of 
the  denee  medium,  are  refracted  in  increasing  deviation  until  they  reach 
certain  points,  at  which  ftituaiinn  the  luuxiinum  devintion  has  been 
obtainei) — the  limiting  angle  has  been  reached.  Kiivrt  which  are  more 
ilivergent  can  never  paw  out  into  the  air.  They  can  do  no  more  lluin 
nsclt  the  Hurface  and  he  reflected  internally  back  into  the  dense  medium, 
tltns  producing  what  is  known  ns  total  rgftfi-tion. 

The  designation  of  the  strentith  of  prisms  and  lenses  is  beat  ttccom- 

filisheil  by  the  consideration  of  the  deviation  produced  in  the  rays  of 
ight  that  paasthroujih  them  :  that  is,  they  should  be  numbered  accord- 
ing u>  their  refrnctivc  pnwern.' 

To  accomplish  thin,  three  methods  have  been  deviiteil.  The  first, 
which  is  the  original  raethwl  tif  Jackson,  designate.^  tlie  strength  of 
the  prism  by  the  number  of  degrees,  expressed  by  a  small  (/,  that  a  ray  of 
light  is  defected  through  it  during  minimum  deviation — that  is,  when 

■  TbfBtixed  titrwM  of  nny  VAiii^iy  r>r  Iciia-fomiKttfin  iviii  hn  olmi Iftiljr  xIiiiliBd,  anri  neol  no 
(paciftl  ftxpUMnon  Iwro. 

■  &ymannpliUMlmolnKlaUAtprFicnl,Hnroniinal«lT.  I1i«*rnniiiilof  ttiuanolc^betweun  thu  lu-n 
t*(i««ttni  tnrftonof  pfunu  is  onltnitrily  oaea]  u  <l««liEUStive  »( iirUtDi  Mraninba.  t'mli  o(i«  of 
tbe  newrraiul  bcfUr  plkoaor  i&ouun:in<;nl  ti]r  ttic*ina:inl  of  woik  4i>nc  bj-  tcic  piiam,  at  nrged 
t>y  JacLwm,  become* mon.'  fliUy  luulent/wl. b»th  of  ibv  uew  meibuds,  laltluK  ibe  tmani  iltopter  m 
lu«  rij^inriit  nf  ttrriigthii  ii])  (o  tui'titv  iltiKnini,  wUI  bo  tMod  throuxhoul  tlii*  iioriicMi  of  thf^  t«st 
oftUl*  uork.  B«vou<]itui<u«ii(,'ei,  BiBUnrv*Uilb>- Jaaluoa,  UiedertuUuQ  liaJlMtl«rtM^fluill«i], 
uciplkined  fttrtfiiu  ou.  ci  liter  on  Chc&rugT  Iiy  oiiilTalcut  tenganU. 
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Uie  BDglo  of  incidence  nnd  the  angle  of  emergence  of  a  ray  of  light  are 
equal.  The  difficulty  of  renjily  deterntining  these  luigles  for  any  cer- 
tiuii  |>ri»u].  so  &s  to  render  it  uhsolult^ty  correct  in  all  cuses,  bus  been  so 
great  oA  to  cauAC  two  other  niethndj*  u»  he  proposetl. 

The  Unit  of  these,  known  »»  that  of  the  centrad,  was  introduced 
by  Dennett.  It  cotisiHtH  in  mKHtnurtng,  upon  a  KOMTa)le<l  radian,  the 
nTnotmt  of  linear  deflection  given  to  a  rav  of  light,  whtcih  haA  entei-ed 
any  prism  at  right  angles  to  \\»  refracting  surface,  this  nvliaii.  a«  it  is 
tenned  in  mathematics,  being  an  arc  of  a  circle  which  is  equal  to  the 
radius.  Aa  the  lengtli  of  tbi»  arc  is  ei|uivalent  to  an  opening  angle  of 
57.29;'t°  included  hotwccn  the  two  radii  connecting  ii«  cxlreraitiea  with 
the  centre  of  the  circle,  the  author  of  the  system  {>ropo<tcs  to  use  the 


L^nlmd  >nJ  nullan. 


one-hundredth  part  of  this  mdian,  0.5T29o°.  known  as  the  centrnd,  nnd 
expreeeed  by  the  symbol  CR.  as  a  nnit  from  which  any  Dumber  of 
prism  strengths  can  be  directly  formulateil  witliout  any  complex  calcula- 
lion.  In  otiior  words,  ibo  centrad  is  t)ie  oiie-liiindredlh  part  of  the 
radiiia  meaaured  upon  the  arc,  and  any  multiple  of  thi.t  strength  is  in 
strict  mathematical  proportion  to  this  unit  or  standanl. 

Thus,  for  example,  in  Fig.  114.  the  prism,  p,  placed  at  r,  the  nup- 
posed  centre  of  a  circle,  denotes  the  deflection  of  the  incident  ray  of 
ughc,  L,  to  one  centrad's  distance  below  the  line  1. 0,  on  the  radian  R  B', 
That  is.  had  there  been  no  prism  plac«l  at  r.  n^  in  the  diagram,  the  line 
LO  would  haw  remained  parallel  uiii'  centrad's  ditstiince  on  the  radian 
above  the  b.tso-lirie  or  niditis^  v.  k,  That  ih  ui  aay,  tJiere  has  been  an 
accurate  measure  of  the  amount  of  deflection  cauaeil  by  the  intervention 
of  the  prism  in  the  path  of  the  ray  of  light.  Knowing,  then,  the 
amount  of  work  rlone  by  any  prism,  its  value  can  b&  readily  (lesignated. 
Thus,  in  the  diMgram,  the  pri-sm  proilucing  one  centrad's  worth  of  work 
can  he  culled  a  prism  of  one  centrad,  and  so  on  until  the  total  namber 
of  priams  ordinarily  used  can  be  named. 
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In  the  fiuronil  of  tlie  methoiK  known  ui>  tinit  of  ttie  prinm  liwpter, 
iinil  .ttiggCBtod  hy  TVentJce,  tlipunit  is  reprpsente*!  hy  a  linear  fleJioclion 
wliicli  \»  e<jual  to  (he  one-liuDdredth  part  of  tlie  raUiius  measureJ  on  tbe 
langcDi.  Here  tlie  Htsndard  of  refrnctivc  power  is  obtained  by  teitning 
tliat  prism  a  pritm  iUopttr,  ivliich,  situated  iit  one  meler*8  distHttce  froui 
B  definite  tauficnt  plane,  will  deflect  ii  rny  of  light  oxactlv  one  eenti- 
meter  along  that  plane.  Tliiw,  in  Fig.  llo,  the  snppoftcfl  one  ocnti- 
meter's  distunctf  of  deflection.  0  B,  of  the  ray,  i.  0.  coming  from  the  prism 
p,  Miuateil  on  ibe  Uwe-line,  c  n.  ai.  one  meter's  rlist;inc'e,  is  taken  as  a 
unit,  and  the  prism  is  designate<i  as  a  prism  of  one  prism  diopter.  If  an- 
other prism,  situated  at  the  same  distance,  deflect  a  my  two  ceniiraetcre 
along  the  tangent  plane,  it  is  known  as  n  prism  of  two  prism  diopters, 
etc.  Of  cour&e,  ^  will  be  made  clear  by  a  glatjce  at  the  preceding 
diagram,  b8  the  strength  of  the  prism  i^  increai^ed,  the  distance  to  the 

riciis. 
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meter  plane  ouiikuhiiIv  incretuten,  :ind  tlie  more  peripberBlljT 
■line  is  fioparteil  from,  the  greater  will  he  the  distaillje  MWreen 
tll«  lens  and  the  prism  plane,  thutt  making  the  various  ratios  of  priR>m 
ilrtngths  recipnx'al,  ami  hence  rendering  it  necessary  either  to  memorize 
them,  or  to  a-tsume  n  series  of  average  powers.  This  variation  in  ordi- 
iinry  Dphthnlmological  work  is,  however,  extremely  slight,  imd  the 
inethotl  is  ronvenient  for  nianv  purposes,  such  as  the  determination  of 
the  meter-angle,  and  the  estimation  of  the  amount  of  prismatic  power 
produced  by  the  deceninttion  of  lenticular  KtrongtliA  for  tbe  two  evea. 
AssDming,  then,  for  prisms  less  than  twenty  degrees,  that  the  standard 
priftm  i»  one  that  gives  one  centimeter's  deviation  at  one  meter's  dis- 
lance,  and  s^tyling  it  the  prism  of  one  iliopter  (designated  hy  P.  D.),  we 
can  employ  with  certain  minor  re'*trictionj*  any  multiple  of  this  unit  up 
to  twenty  degrees,  just  aa  we  do  tbe  multiple  for  the  ordinary  Icns- 
etrengths.  Beyond  twenty  degrees  it  is  better,  as  suggestcJ  hy  Jack- 
son, cither  to  study  tbe  devintioii.^  on  the  arc  or  to  obtain  the  proper 
oqnivalent  Iangi<nt.s.  The  following  tJihle,  ahstnicteil  fn>m  Handall, 
giTM  the  comparative  strengths  of  a  few  of  the  most  important  cen- 
tnda  and  prism  diopters,  with  the  relative  degrees  of  opening  angles 
of  refraction  : 
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TABLE  SaOWIBU  THE  VALUES  AKlt   nBLATIONS  OF  OBKTRJIDS. 
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Tlie  numeration  of  lenticular  tunna  of  refractive  media  ia  HCcom- 
plietiod  bv  the  dctenaination  of  focal  distances. '  For  example,  if  the 
focul  difltiince  of  t-illier  the  bi-convcx  or  the  bi-cnncavc  lens,  in  ihe 
illustrations  on  |)iige  124,  ia  at  one  motci-'-t  distance,  the  lens,  in  Ac- 
cordance with  this  syntem  of  immberiiig,  would  be  designated  an  one 
of  one  <liopter's  strength,  nsing  ihe  sign  l.OC)  D.  to  Tepre«ent  it.  If 
the  lens  be  convex  in  variety,  a  plus  or  positive  sign  is  prefixed 
(+ 1. 1).) :  if  it  be  concnvo,  the  minus  or  negative  sign  ( — 1.  D.)  is  used. 
Should  the  tens  be  a  spbericRl  one,  the  sign  S.  i**  placed  between  the 
character  and  the  strength-sign.  If  it  be  a  cylinder,  the  sign  0.  is 
substituted  for  the  letter  S..  iind  the  axis-angle  is  oxpreBSod  by  the 
abbreviation  ax.,  with  the  degree  of  angle  added.  Thus,  for  instance, 
-f  S.  1.  D.  signifies  a  convex  spherical  lens  uf  one  diopter's  strength, 
whil-il  a  concave  cylindrical  lens  of  the  same  strength,  were  its 
axis  at  ninety  degrees,  wouM  be  [leeigDate<l  by  the  symbol — C  1-  D. 
ax.  90°.  A  lens  of  half  the  strength  of  the  one  diopter — that  is.  one 
which  focussos  at  onlv  two  meters'  distance — is  known  as  an  0..10  D. 
lens  :  unil  a  term  which  \n  of  but  one-fuurth  of  the  one  diopter  strength 
— that  is,  one  focussing  at  four  meters'  distance — is  designated  by  the 
symbol  IJ.25  D.  A  lens  of  two  diopters'  power  ('2.P.)  is  double  the 
strength  of  the  one>diopter  lens,  an<l.  in  consequence,  fucusses  at  one- 
half  of  the  meter.  In  other  words,  starting  from  the  weakest  leng,  the 
attonger  Ihe  power  of  the  lens,  the  shorter  is  its  focus,  thus  establish- 
ing the  rule,  which  in  a  modified  form  is  c(|nally  applicable  to  the  linear 
deviation  of  pri^m-poners,  that  the  refractive  power  of  a  leDB  is  inversely 

Siroportional  to  its  lengtli  of  axial  focuK  (short  focus,  strong  lens;  long 
bens,  weak  lens).  Knowing,  then,  the  numbw  of  diopters  of  dioptric 
power  in  a  lens,  it  becomes  easy  to  estimate  its  focal  length.  To  do 
this,  it  is  merely  necessary  to  divide  the  number  of  diopters  in  the 
strength  of  the  lens  into  one  hundred  centimeters  (one  meter).  For 
example,  u  convex  lens  of  four  diopiera'  strength,  which  means  tbat  it 
is  four  timc.4  stronger  than  a  simihir  forrn  of  lena  that  focussea  nt  one 
meter  (one  hundred  centimeters),  has  a  focal  length  of  twenty-five 
centimeters  (100  ^- 4  ,=  25);  wliil.tt  one  of  ten  iliopten*  hsw  a  focal 
length  of  ten  centimeters  (1<II.>  -i-  10  =  10). 

The  old  ttysiem  of  numbering  the  various  lens-strengths  by  their 
radii  of  curvature  expressed  in  I'aris  inches,  is  known  ns  the  inoh 
system.  It  had  its  unit  of  1  assumed  by  the  extremely  strong  lens 
of  about  one  inch  focun.     A.a  all  iho  ordinary  lensejf  used  in  spectacles 

■  AitboprcMmt  Unwtuortor  llmteti-taoMi  In  uh  an  ground  iu  »ircn«ttisthktiirtA«v«nd«nt 
upon  ibeit  mill  of  ciitriUui*. 
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er  than  this  aniu  the  successive  streogtbs  had  to  be  cxpves&cd 
}T  fr&L'tinii&l  purts  of  1  Kor  'msluucc.  »  Icn^  of  two  inches'  focus  is 
EQown  n;^  II  ^  IcQs;  a  1eii»  of  four  Jnclies'  focuit  is  desijjiiated  us  »  ^  leus; 
id  a  lens  <if  forty  indiett'  focuH,  aa  u  ^  lens.  In  consequence,  this 
)Ian  of  ninnenition,  whioli  labors  niider  t)in  fiirtlicr  ilttwdvnntafcefl  that 
ler*  is  a  liecicled  difference  bt-tween  the  lengths  of  the  Ijerman,  French, 
id  English  inch  whicli  are  employed,  and  that  the  leng  nlrengths  cn]i> 
Fnarilj  aaetl,  are  »o  uneqnal  in  fractional  interval,  is  being  rapidly  super- 
•eded  by  the  eoeily  calculated  and  substaniially  fixed  metric  syetem.' 

In  daily  use  by  the  ophthalmic  sur^reon,  there  are  a  scries  of  lenses, 
termed  test-  or  trial-fensei,  wLi(;h  are  euijitoyed  tu  determiue  the  num- 
ber of  »pectaclp-!enK  nceileii  by  the  pMtient.  As  ihewe  lens-jxuverrt  liave 
CCrtmin  values,  which  althont'h  fixed  in  themselves,  are  reciprcK:al  in  tlie 
systems,  the  following  table  is  given  as  expressive  of  the  designation 
,  powoB  of  convex  and  concave  gphertcfti  lensea  novr  in  ordinary  use : 
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'  liiiliUGohiinDtliPiieDmniti'ixiiach  to  the  Parisian  Inch  toawumaJ.  IfKn^llili  InolMKhad 
'  teen  nnnUtrttl,  the  aat-dlafAri  icu^  sJixulii  h»vn  tmrn  raiuMcNd  m  equlr«lent  in  iasiO  (pnr- 
'  dcilly  4W  luHe«l  of  34,  u  Ibi>  EhmUxIi  Irieh  ««  t'-u  »)iijn«r.  Thin  ubU,  -Hhlcih  l«  nMliiHrilT  ax- 
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For  cylindrieal  le?isc3.  «8  a  rule,  it  is  not  necessary  to  Iiave  anyllii 
strouger  than  tun  ilioptera'  strength.  Prism  strengths  nee<l  not  rang* 
higher  tlmn  twenty  F.  D..  there  conveniently  being  one  P.  D.  interval  up 
to  ten  P.  D.,  and  two  P.  D.  intcrvaU  between  ten  ami  twenty  P.  D.  All 
such  sets  of  test-leiis«H  iihoultl  contain  gniduatiMl  t«»t-frames^  a  -lU^p, 
n  stenopjpii;  slit,  h  piii-hole,  :i  disk,  a  pair  of  iliflVreiitly  tinted  M»ddox 
rods,  and  disks  nf  red,  green,  blue,  and  cnhalt  glasses. 

By  reference  to  this  table,  it  vriLl  be  noticed  that  to  convert  any 
strength  of  diopter  leng  into  un  equivalent  one  of  the  old  system,  it  is 
simply  necessury  to  divide  the  number  of  diopters  in  the  lens  into  the 
meter,  or  thirty-aix  (Paris)  inch  length.  Thus,  a  lens  of  one  diopter 
strength  is  Pf^uivalenl  to  a  Jg  lens;  «  Ions  of  one-h«lf  diopter  strcUfjih 
is  equal  to  a  ^"3  Paris  inch  leii» ;  a  two  diopter  lens,  t(»  a  -^f^  lens,  etc. 

With  the  dioptric  Hystcm,  the  wilenlation  necessary  for  any  corabina- 
tiou  of  lens-powers  is  very  e-asy.  For  instance,  a  +S.  I.  D.  added  to  a 
-HS.  tJ.  D.,  gives  a  lens  of  -fS.  7. 1),;  or,  with  unlike  combinations, 
a  +S.  6.  D.  and  a  — !^.  1.  D.  added  together,  give  a  resultant  of  +S. 
5.  D.,  the  minus  one  diopter  having  weakened  the  plus  six  diopter  lens, 
one  diopter's  stronjijlli.  That  is,  similarly  formed  lenttfs  produce  results 
equ&I  to  their  added  powers,  whilst  dissimilarly  formed  lenses  give 
results  equal  to  their  difFerenccH.  The  same  nile  holds  good  for  cylin- 
ders in  flimilaraxea,  whilst  prisms  increase  in  strength  when  jditceil  base 
to  base,  and  decrease  in  strengtli  when  pbtced  edge  to  base. 

Of  course,  any  combination  of  sphericats.  cylinders,  and  prisms  is 
subject  to  the  same  laws.  All  that  is  needed  when  formula?  for  spec- 
tacle-lenses are  written,  as  explained  in  the  chapter  un  the  Correction 
of  Errors  of  Rcfrnction,  is  to  reduce  the  combination  to  its  simplest  form. 

Careful  consideration  of  all  that  has  been  said,  will  render  it  easy  to 
uudersCimd  that  as  every  spherical  and  cylindrical  lens  is  composed  of 
varying  mnltitudcs  of  prisms,  nil  varieties  nf  prismatic  action  Hesiiles 
its  expressive  one,  may  be  obtained  when  mya  of  light  are  allowed  to 
fiill  through  it  in  certain  directions.  Moreover,  it  is  to  be  reniembei'ed 
that  if  any  definite  ray  be  made  lo  impinge  upon  the  surfiice  of  curva- 
tures in  a  manner  that  will  not  allow  it  to  pass  tlirough  the  optical 
centre,  it  will  be  deflected,  the  nde  being  that  the  greater  the  distance 
of  the  ray  from  the  optical  centre,  the  greater  will  be  the  degree  of 
deflection.  In  other  words,  the  farther  the  ray  is  from  the  optical 
centre,  the  greater  becomes  the  prismatic  action  of  the  lens,  This  «m 
be  accomplished  ia  two  ways :  First,  by  carrying  the  ray  to  an  excea- 
tric  position  through  the  lens;  second,  by  displacing  the  lens  itself,  so 
thai  the  my  will  pass  excentrically.  In  spectacle  lenses,  therefore,  it 
can  be  understood  that  any  object-ray  which  pursues  the  s;iine  course 
as  any  light-ray,  may  be  so  deviated  by  a  lens  placed  before  the  eye  that 
aimast  any  desireii  degree  of  deflection  or  prismatic  action  can  be  ob- 
tained by  variation  in  the  position  and  strength  of  lenses  employed. 
To  accomplish  thin  clinically,  two  plans  have  been  resorted  to  in 
spectacle  lenses.  One  is  by  a  separation  or  diminution  in  the  bridge- 
width  ol  the  frames,  which  consists  merely  in  displacing  the  optical 
centre  of  the  lene,  so  that  some  excentric  |Kirtiuii  of  the  lens  will 
oome  directly  opposite  the  pupil.     The  iither  uuoaists  in  grinding   a 
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rleos  of  the  requisite  itize  periphernlly  from  a  larger  1(-n»  in  such  a 
maoBer  that  the  tio-called  gvometrirnl  centre  (which  denotes  merelr  a 

Joint  e<iiii<]i8tanl  from  the  circa mferen<:e  of  any  lens)  is  made  at  n 
IfTtTent  place  from  the  optical  centre  of  the  lens  from  which  the 
smaller  oae  his  bt-en  grounil :  the  distance  between  the  two  ccntree, 
expressed  Id  millimeters,  giving  certain  nnmunts  of  difference  of  dcflec- 
tion  or  prismatic  action  in  len^)t  uf  deliiiite  MtrengthK.  Thus  in  the 
aococapanyinu  table,  abeiraeted  fmin  Maddux*!*  serii?^,  tlie  upper  hori- 
tontol  row  of  increafling  !ctrength.«  of  millimeters,  given  the  amount  of 
deviation  neceitsary  to  be  made  for  the  various  ?trenglb.«  of  lens  diop- 
\^Ti,  sliown  in  the  tirst  vertical  colamn,  to  produce  any  definite  desired 
I  priKm  action : 
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Here  the  rcsull  is  exprcBficd  in  d^ree^,  itiiniiies,  and  secuntlti.  It  is 
inserted  both  to  serve  as  a  gnide  to  what  is  meant,  and  for  llie  benefit  of 
tboiPe  who  still  adhere  to  the  ordinary  degreet*,  minutes,  and  seconds 
itiethud  of  prism^naming. 

Should  it  be  desired  to  estimate  more  accurately  the  amount  of 
prisnuitic  effect  obtained  In  prism  diopters,  alt  that  is  necessary  for 
ordinary  clinical  work,  is  to  remember  the  Iftw  laid  down  by  Mr.  Pren- 
tici',  that  "a  lena  decentred  ont?  cetttimeter  will  pruduce  as  manv 
prism  dioptrics  as  it  posseK^eti  Ivnticnlar  dioptricr*  of  refmetlon."  For 
ioKtance,  a  one  diopter  lens,  which  is  tlecentred  one  centimeter  (ten 
millimeters),  will  produce  one  prism  diopter  of  deviation  at  one  meter's 
distance.  Or,  to  modify  tins  example  by  doubling  the  amount  of 
iteceDtri[>g  (thus  doubling  the  effect),  a  Eve  diopter  lens,  decentred  two 
GCDtimetcra,  will  give  ten  prism  diopters  of  deviation  at  tin*  one  meter 
plane.  Of  course,  should  the  plane  upon  which  the  deviation  takes 
ptace  be  chaogetl,  the  sixe  of  the  prism  diopter  at  the  meter  phine 
nould  proportionately  change. 

Since  the  relative  value*  of  centrads  and  prism  dioptere  are  so  nearly 
alike  up  to  twenty,  the  rule  may  he  itpplieil  to  the  Former  also.  Where 
ftcieniific  accuracy  is  required,  careful  mathematical  calculation  is 
necessary'  for  every  puint  desired. 
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As  is  ex|iIiLiiieti  in  the  section  ou  Anatomy,  the  e_yc  is  practicslly  • 
serUt  of  bnxctl  lonsos,  with  a  sentient  tneinbrano  plaivd  at  ilieir  com- 
pound focussing-point,  Thede  lenHccf  constitute  the  dioptric  apparatus 
of  the  organ,  and  may  be  conveniently  diviiled  into  ihoM  that  are  fixed 
mid  stable,  and  tho»e  that  are  movable  and  changeable:  the  one  a 
focuHsiii;;  material  llial  brings  fixed  rays  of  light,  color,  and  form  to 
their  foci,  and  the  other  a  focussing  appamins  »o  contrived  as  to  nlloir 
constantly-changinjir  points  of  focua  to  Tall  properly  upon  the  sentient 
sheet ;  tlic  ojie  termed  the  rrfrnetimi  uf  the  eye,  and  expriawetl  by  ilie 
initial  letter  R,  and  the  other  known  an  the  aceommodation  uf  the 
organ,  and  designated  by  the  initial  letter  A :  the  one  a  fixed  condition, 
the  other  a  movable  quantity. 

This  can  be  well  understood  if  the  focus-^ing  material  of  the  ordinary 
jdiotoi^raphic  caincra-box  is  com ]mred  with  the  dioptric  appnntlus  of 
the  eye.  The  camera  is  essentially  a  closed  box,  with  a  perforation 
containing  a  serms  of  converging  lenses  so  arranged  as  to  permit  the 
access  of  extraneous  niys  of  light  to  a  senHitiKod  slioet  of  focuAsing 
muterlttK  Immovably  fixed  and  devoid  of  any  povrer  of  change  of 
focus,  it  may  be  considered  hh  ei)uivalent  to  the  eye  in  a  state  of  resL 
It  niiiy  be  understood  n.s  eqnnl  to  the  conditirm  of  that  organ  Tfhen  its 
dioptric  apparatus  iit  in  a  state  of  physiological  ijuiescence. 

Should  it.  however,  be  deaired  that  the  caniem  focus  accurately  some 
other  distant  view  at  a  much  nearer  point,  fay,  than  the  one  for  which 
it  is  adnpced:  should  it  be  dentirod  U)  obtain  an  accurate  [licture  of 
gome  other  point  than  the  one  for  which  its  Irnses  have  been  con- 
structed, it  will  become  necessary  either  to  flinnge  the  len»e»  themselves, 
or  to  move  the  Henaitized  fht^et  of  materiiil  to  n  isituation  in  the  box 
corresponding  to  a  new  plane  of  focus.  In  the  ordinary  camera,  as 
now  made,  this  is  genernlly  accomplished  by  the  latter  method,  a 
screw  attachment  so  made  k*  to  alter  the  relative  positions  of  the  plate 
and  of  the  lena.  being  the  nieobunicnl  device  uaed  for  the  purpot^e. 
Tliis.  then,  is  the  movable  i|uanlity  of  tlio  int^triimont :  it  is  the 
adaptation  of  the  contrivance  for  changeable  focus. 

So  with  the  eye :  besides  having  its  representative  fixed  focu»,  besides 
having  its  definite  refraction,  there  is,  jn.ii  as  in  the  camem,  a  power  of 
changeability  ;  there  is  an  act  of  adaptability,  a.s  it  were,  which  permits 
a  series  of  points  of  ever-changing  distance  to  be  accurately  focusse<i 
apoQ  the  retina.  Here  it  is  not  accomplished  by  a  lengthening  and 
shortening  of  the  diameter  between  the  anterior  surface  of  the  -cries 
of  lenses  and  the  focussing  sheet,  as  in  the  camera,  but  by  a  special 
muscular  contrivance  attached  to  an  clastic  lenticular  body,  which  cause.s 
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u  suf&cieat  strengthening  anil  wcakcninff  of  lens-actioa  to  ket'ii  the 
pnteriDg  ravK  alvajs  ^xeii  upon  the  rctinul  clemcntii. 

The  only  difference,  then,  between  the  two  contriviinces  is,  that  in 
the  nrtiticial  one  (the  camera),  the  (ocu»  m  (^fTfcteiil  hv  a  ehunge  in  the 
form  o{  the  containing  box,  whilst  in  the  natural  one  (the  eye),  the 
focus  is  obtained  by  giving  the  lens  a  movable  and  an  eijuivalcut 
action. 

Confining  our  studies  to  the  Imruan  eye,  it  now  becomes  necessary 
to  inquire  into  the  various  component  parts  of  tins  focussing  niaierijil 
and  to  stndy  their  optical  co  nstrtiction;;  and  adsptubititieii. 

rommencing  with  the  most  externa],  tlie  cornem  i»  fin*t  encountered. 
Disregarding  its  phyRica!  constitoenrs  ttnti  cons iile ring  only  its  optical 
^nalilies,  it  will  l>e  found  to  he  a  dense,  transparent  medium,  which  is 
boimded  by  two  curved  surfaces— the  external  surface  being  convex; 
die  internal,  concave. 

It)  the  huinau  adult,  the  posterior  surface  is  slightly  more  curved 
ihun  the  anterior,  as  shown  by  rhi-  fact  that  t}ic  tliickneSH  nf  (he 
membrane  i»  O.f^  millimeter  at  its  summit  and  l.r2  millimeters  at  its 
periphery.  The  average  radius  uf  curvature,  liowever,  for  conveni- 
ence sake,  is  assumed  as  7.t>  to  7.7  millimeters. 

no.  lie  Fiu.  U7. 
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Leftving  out  of  account  the  influence  of  the  Giro  of  tears  which  over- 
lies the  medium,  the  entering  ray  uf  light  may  be  naul  to  strike  a  con- 
cave nicniseuB  lens  wliich  Ims  a  density  of  l.y3*J.'  The  great  difference 
of  rarity  between  the  air  from  which  the  ray  comes  and  the  Afjueous 
bumor  into  which  the  ray  penetrates  after  passing  through  the  membrane, 
far  more  than  compensates  for  tlie  slightly  divergent  effect  produced  by 
the  shape  of  the  nitDibrune. 

The  moment  the  my  reaches  any  perijiheral  portion  of  ilio  uonvex 
surface  of  the  conica,  that  moment  it  is  converged — is  bent  inwardly. 
Pastfing  on,  it  reaches  the  concave  posterior  surface  of  the  membrane, 
uid  would  now,  if  it  again  passed  into  air,  diverge.  Instead,  liowever, 
of  meeting  such  a  medium,  it  encounfcrs  one  of  efpial  density  with 
iliat  from  which  it  aime ;  in  eonsetiuence  of  which  it  pursues  an  unin- 
ternipted  course  in  the  same  converged  direction  for  hI  least  2.7  tnilli- 
meters,'  until  it  reaches  the  anterior  cupsule  of  the  lens.  At  this  point 
it  meelfl  a  lenticular  structure  of  tho  bi-convex  variety,  which  is  not 
only  nne<iually  curved  u[»on  its  two  surfaces,  but  is  a!au  far  from  being 
bomogeueoua.  Turning  for  a  moment  to  the  anatomy  of  the  so-called 
crystalline  lens  of  the  eye,  it  will  he  found,  as  explaineil  on  page  65. 

*  A*  compiired  wlta  dliilUcd  wktvr  l.saM  lUnvtia), 

<  S.T  tBDB.  te  KnuM'a  mekMireuwnl  of  Ui«  ilejitli  of  the  itnlarlar  cbimtier  oppoalu  Ihi  omdmI 
Noira. 
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tliat  it  consists  of  superimpcmie*!  layers,  ench  less  dense  than  the  one 
which  underlie?  it.  Besides  thh,  llie  radius  of  curvature  of  its  aDterior 
surface  is,  according  to  Helmholiz,  etju&l  to  10  millimeters,  aa  shoiro 
in  Fig.  117,  whilst  the  posterior  surface,  as  eatitnated  bv  ihe  samt 
observer,  is  hui  (i  niilliinetera.  The  two  poles  of  the  auofliance  tn 
sepiimted  hy  a  width  of  3.fi  mm.  of  k-nft-watorial,  which,  according  to 
the  same  author '»  later  views,  has  uii  average  index  of  refraction  of 
1.487. 

This  giiidual  decrease  of  densitv  from  the  centre  of  the  lens  to  iti 
periphery,  and  the  inequality  of  the  two  refrncung  surfaces,  harea 
great  effect  upon  the  passngc  of  light-mys  through  its  substance.  N« 
matter  at  what  augU-  the  incoming  ray  may  strike  the  anterior  fapeule, 
it  will  progre.'wii'ely  curve  invard.'  The  effect  upon  the  ray,  which 
has  now  rea«^hed  the  lens,  is  to  leave  ito  direct  convergent  course.  an-J 
to  pursue  a  curvilinear  inward  direi^tion  toward  the  centre  of  the  lens, 
and  then  to  progressively,  though  shghtly.  change  its  course  outward, 
although  in  the  main  to  continue  its  convergence,  until  at  last  it  reachei 
and  posses  through  the  posterior  capsule  of  the  lens. 

The  ray  now  reaches  the  Urgi-st  body  of  humor  in  the  eve — the 
vitreouK.  Ry  looking  at  any  protih-  view  of  ihe  human  eye,  we  ehall 
see  that  this  humor  is  a  long,  concave  meni.icus.  On  account  of  tlie 
discrepnncy  between  the  slight  curvature  of  its  nurfuce  and  the  great 
anlero-postorior  length  of  dense  material  composing  its  substance — 
which,  according  to  Knapp,  is  about  thirteen  millimeters — it»  close 
apposition  to  the  \cuft,  anil  the  slight  relative  average  difference  of 
density  of  these  two  simclurcs.'  it  rcfttly  acts  as  a  converger. 

Ordinarily,  it  is  sufficient  to  consider  but  three  puiuls  uf  change  of 
deflection  in  the  entering  my,  vix.,  the  anterior  surface  of  the  cornea, 
the  anterior  surface  of  the  lens,  wnd  the  anterior  surface  of  the  vitreow. 
In  fact,  for  our  purpose,  the  gcnerat  effect  of  the  converging  properQr 
of  the  combined  media  from  the  anterior  surface  of  the  cornea  back  to 
the  retinal  ])1anc<  iLself.  i^  all  tliut  will  be  necessary  for  demonstration. 
PivlimJnary  to  this,  however,  the  following  explanations  will  he  UMful. 

Thus  far,  the  entrance  of  u  single  peripheral  ray  of  light  into  the 
organ  and  its  passage  through  the  various  media,  have  In^en  considered 
without  any  relation  Ut  angle  of  incidence,  point  of  impingement,  and 
exact  direction  of  refraction.  To  obtain  those,  it  is  only  neceesary  to 
fi.T  a  few  points,  lines,  ond  angles  of  meiisurement  which  will  apply  to 
all  eyes,  and  r<iuiplify  the  entering  beaniK  of  light  into  two  rays  which 
are  parallel  to  each  oilier. 

For  this  purpose  the  ciLlculation<<  of  GaiiM  and  Moebius,  who  demoD- 
atrated  that  the  resultant  focus  from  u  compound  system  uf  lenses 
which  are  accurately  centred  upon  the  same  optical  axis,  is  in  direct 
relation  to  the  individual  power  of  each  lenticular  component,  may 
be  taken,     .fust  as  one  lens  has  two  principal  focal  points,  the  firet 

t  Ttil*  Mtettioo  Is  ni'l  Htiiiily  truu,  bot  1*  iniu]«  berv  fur  ibe  wke  or  dnipllcltf  Hie  <*«  Li, 
the  inenlaci  ficinnlnit  ilie  railHrliir  riinlcal  I'ltniinHxIvpl}'  dtontam  In  d«(Uiit](.  xhlch  of  lutlf  lua 
ft  k^rteni-T  to  itlvi:  ft  ulUhtly  oiitwant  cairlllnMr  deviAlian  f  ■  tlic  InooiiUiiK  coarvtsent  Kf , 
ei'vii  nUiioiixli  att  ilii>  RiHulwl  tn  ihls  |>orilu[i  or  ili«  lent  ore  or  atmiHi  dovhlp  iiw  carvttiu*  or 
llictw  In  the  ■nwrlnrMirilMt- 

'  Tbi>  iliiiialty  (jf  tbe  vIli«oti>  ta  ktxMil  ilwaaUM  ■■,  of  pcadbly  atriDemnn  itwit,  that  of  Ui« 
eomM  and  iu)<im>iia 
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of  which  is  represented  by  a  point  upon  the  optic  axis  from  which  all 
rays  striking  the  denser  medium  are  refracted  in  a  direction  parallel 
to  the  optic  axis,  and  the  second,  by  a  point  upon  the  optic  axis  beyond 
the  lens,  upon  which  all  rays  passing  through  the  lens  parallel  to  the 
optic  axis  will  fall  after  having  left  the  lens ;  just  as  one  lens  has  its 
principal  points,  which  are  the  points  of  meeting  of  the  two  lenticular 
surfaces  with  the  optic  axis  ;  and  just  as  one  lens  has  its  nodal  points, 
which  are  practically  the  centres  of  curvature  of  the  lenticular  surfaces, 
so  there  are  similar  and  related  points  in  any  system  of  lenses.  As  these, 
the  eo-calted  cardinal  points,  as  explained  on  page  1 32,  are  obtainable 
in  any  series  of  artificial  leases,  practically  converting  a  complicated 
problem  of  optics  into  a  simple  equation,  in  the  same  manner  with 
the  eye — all  the  formulae  and  necessary  diagrams  in  explanation  of  this 
complicated  apparatus  are  rendered  more  easy  of  comprehension  by 
the  reduction  of  its  compound  system  of  refractive  material  into  a 
simple  and  easily  understood  mechanism. 

Commencing  with  the  explanation  of  the  principal  line  upon  which 
all  these  points  are  situated,  the  following  illustration  is  made  use  of: 

Fig.  118, 


Principal  and  Kcondary  axes. 

Here,  there  is  supposed  to  be  a  horizontal  section  of  the  eye,  so  cut 
as  to  make  a  plane  through  the  optic-nerve  entrance  and  the  macula 
lutea.  The  line  a  a'  is  known  as  the  optic  axis  or  principal  axis.  It 
passes  through  the  centre  of  the  cornea  and  the  centre  of  motion,  and 
emerges  posteriorly  at  the  posterior  pole.  All  other  axial  lines  pro- 
ceeding from  any  given  object  are  termed  secondary  axes^  and  upon 
account  of  the  strong  convergent  power  of  the  organ,  are  brought  to  a 
focus  upon  the  principal  axis  in  the  interior  of  the  eye,  where  they 
cross  one  another  to  pass  on  and  form  an  inverted  image  upon  the  retinal 
focussing  plane :  thus,  both  b  b'  and  c  c'  are  secondary  axes. 

Having  obtained  the  optic  axis,  the  situation  of  what  are  known  as 
the  cardinal  points  of  the  dioptric  apparatus  are  next  to  be  studied. 
These  are  the  anterior  or  first  principal  focus,  the  posterior  or  second 
principal  focita,  the  anterior  or  first  principal  point,  the  posterior  or 
second  principal  point,  the  anterior  or  first  nodal  point,  and  the  pos~ 
terior  or  second  nodal  point.  A  glance  at  Fig.  119  will  show  that 
they  are  all  utuated  upon  the  principal  axis. 

The  Greek  letter  *'  denotes  the  anterior  focus.  It  is  the  point  upon 
the  principal  axis,  at  13.745  millimeters  in  front  of  the  corneal  apex, 
where  all  convergent  rays  from  the  eye  which  have  been  parallel  with 
the  principal  axis  within  the  eye  and  which  have  started  from  the 
retinal  plane  would  iall  to  a  focus.     Fig.  120,  which  disregards  the 
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varioim  lenticular  pEunes  anil  their  avtion,  m  as  to  avoid  com  plication, 
is  saflicientlT  accurate  to  explain  what  is  meaat. 

no.  \iv. 


I'rIicinmUL'Cj'vwIltiGaMliial  ptiiiiu. 


Careful  examination  of  Fig.  120  vritl  illastrate  tlit-  fact  that  the  ilirer- 
gent  rays  do  not  reully  pass  into  parallelism  immediately  irpon  rcacliing 
the  anterior  surface  of  the  eye.  T\m  has  Wen  done  intentionally  to 
show  tliiit,  mi  aecouni  of  the  interior  of  the  eye  not  being  homoj^cneoua 
in  structure,  a  theoretical  point  of  commencement  of  focussing  has  been 


Flo.  un. 


rif}.  lai. 


PoiiUoa  nt  MLtvHor  (bout. 


Focitioa  ol  pntcriot  &cu*- 


auunied,  which  is  the  mathematical  resultant  of  the  coefficients  of  the 
several  refracting  element*  containeil  in  the  meJia.  This  point,  aa  ex- 
plained before,  anil  which  is  fthown  at  it  in  Fig.  119,  is  the  antfrxnr  or 

^rat  principal  point,  andcontributes  toward  the  formation  of  the  anterior 
piano.  It  ia  situated  1.7^!}  mitlimctcra  behind  the  front  of  the  cornea.' 
'V\ie  potferlor  principal  foeut,  represented  by  (>'"  in  Fig.  119  luid  in 
Fig.  121,  is  the  point  upon  the  optic  a.Kis  in  the  dioptric  apparatus  of 
the  same  eye  where  incident  rays  which  have  been  parallel  to  the  prin- 
cipal axis  in  front  of  thf  eyt?  are  brought  to  a  focus.  Tliia  point,  which 
is  22.828  miltimetoi's  behind  the  apex  of  the  nornca,  ia  situated  at.  or 
slightly  anterior  to,  the  |)oaterior  pole  of  the  eye.  Fig.  121,  which, 
like  the  previoius  one,  does  not  show  the  real  bendings  of  the  refracted 
fcjs,  is  sufficiently  accurate  for  our  purpose. 

_    Here,  the  series  of  entering  ravs  which  are  parallel  with  the  central 

rine  (the  principal  a.xi»)  are  all  brought  to  a  common  focus  upon  (or 

near)  the  retina  at  the   point  of  impingement   of  the   principal  axis, 

Iloreit  will  be  noticed  that,  juat  as  before,  the  rays  retain  their  original 

direction  for  a  short  distance  dller  they  have  gatQeu  accotatothe  interior 


'  tn  Xtut  tvm,  Uth  iHstanM  ii  purpawly  «xicB*m«d  lo  fXtv  iwtto  efTbd. 
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of  the  gloW.  TluK  piano  is  Kituatcd  about  2.110  millimetere  behind  tlie 
outer  corneal  surface,  und  is  known  oa  ihc  tecond  prmtnpal  piane.  It 
is  composed  of  an  infinite  number  of  points,  termed  tbe  wecnd  or  ^f- 
trrior  prineipat  poinU.     In  Fie.  Tirt  it  is  shown  at  ll'. 

It  will  l*e  remomlwred  that  the  principal  point  of  a  lens  ia  the  point 
of  meetiog  of  the  curvnture  of  the  surface  and  the  optical  iwis  of  the 
lens.  80  here  the  comhiticd  system  of  lenses  forminj;  the  'lioptric 
apparatus  of  the  eye,  bus  its  ibeoretic«l  posterior  surface  of  prinvipal 
points  situnteil  in  the  ai[ucou8  humor  slightly  hehiud  the  firnt  pi-incipal 
plane.  In  iJie  human  eye  they  are  so  close  together  that,  for  ordinnry 
calculations,  they  may  be  supposed  to  be  placed  upon  a  third  plane 
ifludwaj  between  the  anterior  and  pos^terior  planes,  at  a  point  in  the 
aqueous  humor  1,932  millimeters  behind  ttie  jKisterior  surface  of  the 
cornea. 

The  (frtf  or  anterior  nodal  point,  designated  by  the  letter  K  in  Fig. 
119.  is  the  cenire  of  curvature  of  the  anterior  principal  point,  U,  In 
the  liiioiaD  eye,  it  is  situated  (i.itfJS  niiUinieterH  behinit  the  cornea. 
This  will  cause  it  theoretically  to  fall  in  the  posterior  layers  of  the 
crystalline  lens,  about  'KHSl  millimeter  in  front  of  its  posterior  surface. 

The  tefond  or  poatcrior  nodal  point,  k'  (Fig.  119),  which  represents 
tho  centre  of  currature  of  the  second  principal  point,  U',  is  situated, 
according  to  LundolL,  0.356  millimeter  behind  the  posterior  surface  of 
tho  lens,  thus  causing  it  to  fall  into  the  vitreous. 

Id  ordinary  calculatimi,  it  is  best  to  unite  the  nodal  pointa  into  a 
single  no<lal  point  placed  midway  between  the  ivro,  T.Hfi  millimeters — 
My,  seven  millimeters— behind  the  cornea,  thus  making  it  correspond 
to  the  single  principal  point.  This  plan  ;5reatly  simplifiea  the  whole 
proeedure,  theoretically  reducing  the  eye  to  a  boiin'geneous  medium,  in 
which  11  ran  1k^  contiidered  »s  ciiualling  the  tlieuroticul  surface  of  the 
dioptric  apparatn.«i,  and  K  as  e(|Uivn]ont  to  its  ct^nire  of  caivaturc.  The 
schematic  eye  of  Listing  i»  thus  reaclie<l,  without  which  dioptric  formulse 
would  be  both  difficult  and  troublesome. 

Adopting  Donders's  proposition  to  disregard  all  decimal  fractions,  the 
anterior  focus  can  be  considered  to  be  equal  to  fifteen  millimeters,  the 
posterior  focus  to  be  e(|uiil  to  twenty  millimeters,  and  the  radius  of 
curvature  of  the  united  principal  points,  u,  which  now  bec-ime*  the 
anterior  fiice  of  tlie  reduced  eye.  to  bo  ci|uivalent  to  live  mitlimecers. 
TbU  b  shown  in  Fig.  122.     The  coefficient  of  refraction,  n  as  1.833 

(»  =  ^-"'"*  =3-  =1.888).  which,  as  will  he  remembered,  is  practi- 

caDv  that  of  water,  is  thus  obtained. 

Ilaving  from  previous  calculation,  reduced  the  dioptric  upparotua  to 
a  comwil  surface,  with  a  radiuit  of  curvature  of  five,  or,  according  to 
some  authorities,  seven  miliiuietvrs,  phicL-d  in  front  of  a  bomogeueoua 
medium  with  an  index  of  rt-fmctioii  of  1.333,  which  has  a  focu(»ine 
plane  situated  roughly  at  twenty  {or  twenty-two  for  the  latter  radius) 
millimeters  behind  the  centre  of  its  anterior  surface,  u  few  of  the  most 
important  of  the  remaining  points,  lines,  and  angles  can  be  considered. 

"Vre  the  eye  a  perfect  upticat  instnicQeiit — were  the  axial  planes  of 
the  cornea  and  the  lens  parallel,  and  did  the  centres  of  each  lens  com- 
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binatioD  accuratel,v  coincide — the  axis-ray  would  not  bo  refracted. 
Unfortunately,  careful  experimeota  by  Helroholtz,  Knapp.  Donders, 
and  Doyer,  performed  by  reason  of  the  assertions  of  WelU,  Mackenaie, 
and  others,  have  umde  mnnifeet  t]iat  tlie  corneal  apex  is  geuenilly  ^ita- 
ated  to  the  naaal  side  of  the  lenticular  summit  Further  carefiil 
ophtLuhiiometric  observation  has  shown  that  the  point  of  meeting  of 
the  optic  axis  and  the  conieiil  plane  does  not  coincide  with  the  corae-ol 
summit,  the  Utter,  an  a  rule,  being  ix>  the  outer  side  of  tbe  former.  In 
view  of  these  irregularities,  und  the  fact  tbai  general  distortion  of  the 
ocular  tunics  is  so  comnion,  it  becomes  Dcces.>uirv  to  fix  the  position  ol 
some  new  points  and  Hnes  before  any  degree  of  scientific  accuracy  in 
liiture  calculation  can  be  ohmined. 


no,  la 


FK.U3; 


■S  m.m. 


i^ 


ftMSnoadvyiR. 


Vlaiwl.  Uoe.    AngLM  alpha  and  B«miTiB. 


Fig.  \*2Z,  which,  of  course,  is  diagram  ma  tic,  though  only  sufficiently 
bleified  to  make  the  meaning  plain,  can  be  used. 

The  firet  important  line  is  that  which  proceeds  from  an  extnineous 
object  directly  through  the  nodal  point  t«  the  macula  lutea  of  the  eye. 
It  is  known  as  the  vunial  line^  or  line  of  viaion.  In  Fig.  128  the  line 
running  from  the  point,  H  (the  object),  through  the  nodal  point,  K,  situ- 
atcii  upon  the  optic  axis,  forms  its  image,  fl,  in  the  depression  known 
as  the  fovea  centralis  in  the  posterior  part  a?  the  globe.  It  will  be 
noticed  that  it  does  Dot  coincide  with  the  optic  axis,  and  that  the  onlv 
place  of  contact  is  at  the  nodal  point,  K.  In  reality,  it  is  but  one  of 
the  secondary  axes  of  the  system. 


8- 

KoUtlra  <lai  of  mi^ to  atplw.    (MotltlM  tnaa  Itaitnnia.) 

In  the  anterior  portion  of  the  figure,  between  these  two  lines,  we  can 
reddily  see  that  there  is  an  angle,  having  the  nodal  point,  K,  for  its 
apex.  It  is  known  as  the  (in>;^e  aipha  and  is  represented  by  the  Greek 
letter  o.  It  is  denoted  iu  the  figure  by  BK^'.  It  varicM  considerably 
according  to  the  many  refractive  and  accfunmodative  changes  preeenc. 
Fig.  124,  modified  from  Dondei-a,  shows  bow  eye.«  of  normal  length  or 
of  too  short  or  too  gretit  an  a ntero- posterior  diameter  affect  the  width 
and  size  of  this  angle. 

It  will  be  seen  that  this  angle  is  very  wide  in  the  short,  or  hyper- 
metropic, eye,  ii,  and  that  it  is  extremely  narrow  in  the  long,  or 
myopic  organ,  h.     Donders  has  shown  that  the  angle  in  the  hyper- 
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metropic  eye  is  »o  broad  that  the  point  of  impingement  of  the  visual 
line  upon  tbe  corneal  surface  is  so  far  to  th«  nnsal  side  as  Bometiinett  to 
make  an  opening  angle  of  eight  or  nine  degrees — an  amount  almost 
double  that  found  in  the  etumetropin  organ.  He  lian  also  tdiown  tliat 
in  the  opposite  condition  (myopia),  the  opening  an^jie  may  be  anni- 
hilate*], or  even  reversed.  ua.usitig  it  in  tbe  latter  instance  to  be  desig- 
nared  as  the  wtv/afiVc  angle  nipha. 

The  most  mooted  point  is  thai  knoirn  as  the  ^.tntrt  of  motion  or  rota* 
Hon,  a  position,  acconling  to  bonders,  which  is  found  in  the  vitreooB 
at  1.7T  millimeters  behind  the  middle  of  the  visual  or  optic  axis.  It 
i«  expresseal  by  the  sign  d.  A  glance  at  Fig.  124  Mill  show  that 
altboujrli  It  lies  more  ot-rcply  in  the  vicrcoim  of  the  myopic  eye,  yet  it 
\i  situated  more  anterior  to  the  retinal  plane  than  in  the  hypermetropic 
orgun,  where  it  approaches  very  closely  to  tlie  pobteiior  pole. 

The  next  line  of  importance  is  that  known  as  the  Hnf  of  fixation. 
It  is  the  straight  line  tlrawn  from  tlie  point  of  centre  of  motion  to  the 
extraneous  object. '  This  is  shown  in  I'tg.  lt£S  by  the  dotted  line  con- 
necting the  points  B  and  d. 

The  aQgte  included  between  tbe  line  of  fixation  and  tbe  optic  axis, 
with  the  centre  of  motion  as  an  apex,  ia  termed  the  ant/h  gammu.  U 
IB  of  valac  in  the  estimation  of  cxtra-ocnlar  muscle  changes.  It  i» 
denoted  in  Fig.  123  by  the  angle  Bd^'. 

A  fourth  line,  extending  from  the  fixation-point  through  the  centre 
of  the  pupil,  hae  been  noted  by  Ileltnboltx  as  the  rurVftntV,  and  termed 
the  line  of  tight  by  Knapp. 

The  vitual  atiglc  is  the  next  to  be  considered.  This  is  the  angle 
which  is  subtended  by  the  extremities  of  any  vimble  extraneous  object, 
and  pawea  into  the  eye  to  form  its  apex  at  the  nodal  point  of  the  organ. 
Reaching  this  point,  the  lines  cross  to  diverge  and  form  a  reverse  image 
of  t}ie  distant  object  upon  the  retina,  which  image  is  sent  to  the  cerebral 
centres  for  recognition.     Fig.  \'2b  explains  what  is  meant. 


mo.   126. 


'r-- 


Tncnaaed  tUihiI  atiftl*. 

Here  the  eye.  E,  is  at^usted  for  the  upright  arrow,  A  B,  situated  in 
tbe  air.  The  convergent  lines  from  the  extremities  of  the  object  pans 
into  the  eye,  and  cross  one  another  at  ihe  nwlal  point,  K.  Diverging, 
they  fall  u|K>n  Uie  retinal  plane,  and  make  an  inverted  image,  b  a,  of 
the  arrow. 

Should  the  same  object  be  brought  nearer,  as  in  Kijj.  1*26,  the  visual 
angle  would  be  mach  greater,  and  tho  aizo  of  the  retinal  image  would 
be  increasefl.  Or  should  the  object  itself  he  larger,  the  visual  angle 
would  be  increased,  and  the  inverted  image  would  be  larger.  A  very 
apt  illustration  is  that  of  u  smalt  coin,  whicri,  if  held  near  to  the  eye,  will 
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hide  from  view  a  large  area  of  the  field  of  vision,  liut  if  removed  several 
(wi  awuv,  appears  much  smaller,  and  allows  an  enormous  increase  in 
the  area  of  the  field  uf  ^'ision ;  or,  conversely,  a  distant  tree,  whicli 
appears  small,  nnd  occupies  but  a  limited  portion  of  ilio  landscape, 
beoomee  graduuU^y  larger  as  it  is  approacbed,  until  ut  last,  when  in 
surface  is  reached,  the  surrounding  landscape  is  hidden. 

Of  course,  there  is  a  limit  to  the  size  of  the  angle.  VolkmanD  and 
Soelleu,  who  were  long  preceileil  by  Hook  and  Portcrtield  in  the 
estimation  of  the  size  of  the  angle,  have  determined  that  the  smallest 
angle  in  which  any  terrestrial  object  can  be  properly  recognized,  is 
equivalent  t-o  about  one  minute's  opening.  Hr  this,  they  mean  that 
should  the  uudal  point  of  the  eye  be  !«ituated  at  the  ventre  of  a  circle, 
and  objects  placed  ituon  any  radius  proceeding  from  it,  the  objects 
would  W  9«en  only  wlion  their  height  would  reach  to  a  a&cond  i-adius 
situated  at  an  angle  one  minute  higher  than  tlie  one  on  which  the 
object  is  standing,  the  same  being  troe  for  all  the  other  meridians  of 

no.  UT. 


Xtnlnaai  ttali  at  angto  of  ridon. 


thv  objecL  Thus  in  Fig.  12',  the  eve,  k,  hne  its  nodal  point,  K,  placed 
at  the  eentrp  of  the  four  segments  of  the  theoretical  concentric  cirdes, 
A  tt,  V  b',  etc.  Upon  the  segments  of  the  circumferences,  black  areas 
vhich  represent  objects  have  been  placed.  To  be  properly  reo^ignized  at 
Ofto  meter'e  disiance,  it  will  be  n««eeMry  to  have  the  dot  suflicientlj 
large  to  include  the  one-minuie  angle  in  everr  meridian  at  this  point ; 
to  »ee  it  at  two  meters,  it  must  be  double  i£e  site  of  that  which  was 
aeeti  ni  one  meter :  for  the  ihree-meier  di»tance.  the  dot  muM  be  a  size 
Urj:«r  than  that  at  two  meters,  and  triple  the  site  of  that  at  one  meter: 
whilst  for  lour  uet«-r»,  the  dot  must  b«  a  siw  lai^^  than  that  for  three 
iieiara,  and  four  times  the  aiae  of  that  at  one  meter. 

In  (mtinarr  ophtbahak  practice,  it  will  be  seen  that  each  specified 
distance  has  it»  appr\>pnate  saie  of  te$t-type,  this,  aa  now  understood. 
dcModii^  upon  the  diaiattoe  of  tlw  conpoocnt  pans  or  dots  trom  the 
mIU  point  of  tbo  o^Mnrii^  «gr«.  lliu,  in  tbe  ordinai;  tesc-letters  or 
apt^fyyi  of  SkoWm,  Itw  atnka  of  Ac  Itttm  m*  aadh  embraced  in  the 
o«ft-wnttt»  M^  tite  entire  teller  or  ^araeter  being  kept  wiifain  an 
an^le  oi  fivr  minotm.  Knowing  that  the  tai^vat  of  a  five^inote 
nn^e  «  e^nal  to  0.001451,  all  that  it  ia  iifrwry  to  do,  to  obtain 
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the  sixe  of  the  letter  wtiich  shonM  be  seen  tit  anv  definite  distance, 
is  to  nnltiplv  the  length  of  the  rangent  by  the  number  of  centimeters' 
distance:  thus,  at  one  hundred  ccntinieters,  or  one  meter,  the  letter 
dioaid  be  1.454  millimeters  square ;  at  five  meteni  it  should  be  fire 
time»  this  sixe.  or  7.270  inlltinieters  squnre ;  each  stroke  being  one- 
fifth  of  thwe  »'}Kif.  M'itli  t)ie  eiiiijih!  funn  of  letter- foniiation  and 
undor  strong  light-stimiilns,  the  one-minute  angle  re-cognition,  as 
spoken  of  by  Hook,  is  fretjuently  excee<Jed,  giving  ri.se  to  new  and 
more  difficult  series  for  ilaily  use  by  »)me  ophthalmologiat^. 

From  what  has  been  said,  it  must  not  be  imagined  tliiit  the  eye  is  a 
perfect  optical  inalrumenl.  Helmhohx  hatt  Justly  said  that  ^'if  ad 
opdcian  sent  him  an  instrument  ho  full  of  defects  he  would  be  justified 
in  sending  it  back  with  tlie  severest  censure."  Nevertheless,  we  can 
hilt  feel,  witli  Tyndall.  that  "iw  a  practical  instrument,  and  taking  the 
adjustments  by  which  it^  defects  are  neutralized,  into  account,  it  must 
ever  remain  a  mnrvel  to  the  retlecting  mind." 

Owing  to  the  fact  that  the  series  of  central  and  peripheral  rays  do 
Dot  pass  ihi-ough  the  same  amount  and  degree  of  focussing,  material 
whilst  they  pursue  iheir  way  in  ilio  interior  of  the  eye,  we  have  an 
indistinctness  of  focus  of  one  of  these  sets  of  rays  the  moment  we 
obtain  a  clear  image  of  the  other:  this  is  known  as  aphencai  uhfira- 
fion.  In  ordinary  spherical  lense.'*,  it  manifeHti  itself  either  by  a  blur 
in  the  centre  of  the  image,  or  by  »  clwirly  defined  central  picture  with 
a  peripheral  indistinctness.  In  the  eye,  however,  there  are  two  con- 
trivances which  almost  correct  this :  first,  the  iris,  which  cuts  off  the 
most  |>er)pheral  rayH;  and  Heeond,  the  iiicretiMe  of  density  and  curvature 
of  lenticular  material  from  the  periphery  toward  the  centre  of  the  crys- 
talline lens.  The  first  is  frequently  imitated  in  nearly  all  optical 
iiwtruments,  but  the  seconil  remains  impossible  of  artificial  construc- 
tion. 

liy  reference  to  text-books  on  optics,  it  will  be  found  that  it  is  to 
Newton  that  the  credit  of  determining  ''  tiint  light  is  not  homogeneous, 
but  consists  of  rays  of  different  colors  and  unequal  refrangibility,"  must 
be  given.  Moreover,  the  least  change  of  the  rate  of  speed  of  vibration 
causes  a  change  in  amplitude  of  wave-length,  which  necessarily  pro- 
daces  a  difference  in  color.  So  in  the  eye,  if  a  Meries  of  deliiiite  wave- 
lengths impinge  upon  the  cornea  and  are  broken  into  different  wave- 
lengths by  enconntering  une(|ual  degrees  of  resistance  a^  they  pass 
through  the  dioptric  medio,  there  will  of  necessity  be  a  change  in  the 
colors  produced  In  the  different  parts  of  the  retinal  image.  In  other 
words,  there  will  ym  chronuitie  nherratioti^ — an  aberration  resulting  from 
tlie  lenses  of  the  eye  not  being  hotrio;:(>neous,  antl  frnm  this  inequality 
of  material  breaking  the  rays  of  light  into  different  colors. 

An  apt  illustration  of  the  former  defect  i.H  found  in  the  limited 
capacity  of  the  ingenious  photographic  camera  called  tlie  *'  koilak."  It 
b  an  instrument  that  can  be  used  for  distant  views  without  the  neces- 
sity of  any  special  focussing.  It  is  an  imperfect  artifieiol  eye  which 
allows  the  rays  from  the  exiraneoua  object  to  fhll  properly  through  its 
seiisiti^eil  sheet  only  through  tlie  centre  of  the  lens  aud  a  narrow  sur- 
rounding area,  thus  limiting  the  picture  to  a  small  circle  of  two  or  three 
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incbra'  diameter.     This  is  partly  accomi^lisbed  by  a  amaH  ceotral  din- 
phragin.     So  is  it,  thoagh  to  a  greater  degree,  with  the  eye. 

Again,  u  shown  in  the  section  on  Astiginatism,  there  are,  aa  &  rule, 
in  every  human  eye  two  prinriim!  ftici  in  the  refmciive  «p|iaratus.  tme 
for  the  more  bent  and  the  other  for  the  !eF«  bent  mya,  the  nile  being 
that  the  rndius  of  the  vertit-al  meridian  h  shorter  than  thnt  of  the  hori- 
Konial.  Knowing  that  the  amount  of  the  deviation  of  a  ray  is  depend- 
ent in  due  proportion  upon  the  curvatures  of  the  medium  it  stnlces,  it 
wilt  be  at  once  evident  that  should  a  hoinocenlric  beam  of  light  pas^ 
through  such  unwjual  curvntures,  there  will  be  ecrtain  changes  given  to 
the  imaf'e  formeil  bv  this  beam  when  received  nt  different  distances- 
ThuB,  in  i"'ig.  128,  wiiich  represents  a  bi-convex  lens  (i,)  that  haa  ilie 
radius  of  its  vertical  cun-atures  (v'  v*)  made  shorter  than  its  hori- 
zontal  (ii'«'),ihe  image  of  the  beam  of  light,  as  it  is  gradually  removed 

Kiu.  12i 


fiturni'ii  Toc*l  lni«mi. 


from  tlic  lens,  first  becomes  horizontal  oval  in  shape,  at  a,  on  account 
of  the  raye  in  the  vertical  meridian  being  the  more  greatly  bent,  until, 
at  b,  they  have  been  brought  together,  making  a  borizontnl  band  of  light 
etiual  in  width  to  the  separation  of  the  still  unfocuaaed  horizontal  rays. 
The  verticflJ  rays  ^'tossing,  diverge  until,  at  c,  their  height  e((ual3  the 
Yfidth  of  the  separation  of  the  horizontal  rays,  thus  giving  rise  to  a 
circle.  The  vertical  rays  still  becoming  progressiTely  wilier  and  the 
horixontfll  rays  narrower,  the  image  cirxrle,  e,  is  converted  into  a  verti- 
cal oval  at  iL  until  at  e,  when  the  rays  in  the  liorizontal  meridian  bar- 
ing  been  brought  together,  the  vertical  oval  image  is  changed  into  a 
Tertical  stripe.  The  Sorizontal  rays  undergoing  their  crossing,  and  the 
vertical  rays  becoming  still  more  widely  separate,  give  width  to  on 
image  at  f,  which,  in  reality,  becomes  vertical  oval  in  shape.  The 
iDterral  between  the  two  foci'  at  b  and  e,  ia  generally  known  as  Sturm'w 
focnl  interval. 

Further,  it  is  a  well-known  fact,  since  Scheitter't  experiment,  that 
should  we  break  the  pupillary  opening  into  two  iimaller  apertures  by 
means  of  a  double  perforation  in  a  card  or  disk  {ride  Thomson's  device 
in  the  chapter  on  the  Determination  of  Errors  of  Kefraction).  that  there 
will  be  two  small  diffusion  circk6  for  retinal  impression  instead  nf  one 
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Urge  diffnse  one  of  any  extrnTieoH?  object-point  that  is  not  in  exact 
ibcQJB.  This  is  produceil  bv  the  ndmittance  of  but  two  narrow  buuUles 
or  raj8  vhich  are  sufficiently  separated  on  the  retinal  sheet  to  be 
specially  recognized. 

Moreover,  jiutt  as  in  every  uncared-for  optical  instrument,  so  in  the 
■bused  eye,  an  organ  compoApd  <if  the  moHt  delicate  and  changeable 
of  Stmctores.  there  are  frequently  found  iin;')ualities  of  lenif-curvatures, 
irregularities  and  differencee  in  the  formation  of  the  focussing!- planer 
floating  opacities  in  the  vitreous  and  aqueous,  and  6xed  spots  l)oth  in 
the  lens  and  in  the  cornea,  rendering  the  dioptric  apparatus  more  or 
IcM  imperfect.  Still  further,  there  arc  unntoroical  areas  upon  the  retinal 
plane  in  which  no  image-fonnation  can  take  place.  The  optic-nerve  tip, 
the  thickened  and  opaque  nerve-cnveringN,  and  the  Iftrge  blnodvesAels 
and  their  contents,  all  produce  hrwiks  in  the  field  of  vision,  so  that 
were  it  not  for  the  dual  organs  being  so  placed  as  to  act  simultaneously 
npon  the  same  object,  the  excessive  freedom  of  ocular  movements  nnd 
tfaequickneesofvisual  perception,  the  organ's  optical  imperfections  would 
become  physiologically  manifiAit. 

F».  191. 


pMMgv  of  pftmllcl  ABd  dlrtfgent  rays  tnw  an  v»UDein>|ilc  vyv. 

Thus  far.  the  6xed  optical  power  of  the  eye  has  been  considered. 
Onr  studies  have  been  confined  to  what  is  termed  refraction.  Attention 
will  now  he  devoted  to  the  moviible  port  of  iho  ap|)aratus — the  portion 
that  admits  of  change  of  focuji,  known  sd  arc»mmo<iatf"n.  Upon  turning 
lo  the  chapters  on  Anatomy,  it  will  be  found  that  there  nre  several 
series  of  intra-oculsr  muscles  which  are  dpvoted  to  the  movement  of  the 
lens  and  the  regulation  of  the  pupillary  area. 

The  physioloi^ical  working  of  the  lenticular  series,  which  Js  the  more 
imporrant,  will  be  considered  fir^t. 

In  the  preceding  chapter  it  has  been  learned  that  the  byiwthesis  of 
Helmboltz  in  reference  to  accoinrnodiuion  is  the  one  that  is  goncrally  ac- 
cepted. The  influence  of  this  mechanism  upon  the  dioptric  apparatus  of 
the  eye  is  now  to  be  considered    It  will  be  retnemhere*!  th»t  trie  eninie- 
tro|uc  eye  in  a  state  of  rest  is  intende^l  for  the  focussing  of  extraneous  piir- 
lallel  rays  upon  its  retina.  This  being  the  case,  it  is  plain  that  the  stronger 
'  the  action  of  its  focussing  material  is  rendered  by  the  physiological  action 
of  the  intraMicular  muscles,  the  more  quickly  will  these  parallel  ruys  be 
fociMBed;   in  other  words,  their  focus  will  fall  into  the  vitreous.     In 
,  oonaeqnence,  however,  of  there  being  no  necewity  for  incresse  of  focus- 
iSiiu;  enort  from  the  normal  state  when  the  organ  is  adapted  for  distant 
iTision.  there  is  no  extra  effort  for  such  sight.     For  objects  which  are 
nearer — for  objects  from  which  divergent  rays  instead  of  parallel  ones 
proceed,  as  in  Fig.  129 — there  must  he  an  intra-ocular  effort  to  bring 
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them  apon  the  retinal  plane.  Hei-e  the  divergent  rays  require  mach 
more  focu&!Miig  (luwer  lo  bring  tliein  to  the  point  ta  which  parallel  ravs 
have  heen  brought.  The  eye,  in  its  ordinary  relaxed  nu,te,  luis  tuvt  i^uM- 
cient  power  to  briog  the  imnge,  X  of  the  object,  B,  to  the  correct  focu5. 
at  c,  upon  the  retina.  It  is  uuequul  to  the  task  of  overcoming  the 
divergent  effect  of  the  entering  ray. 

Fortunately,  here  jiccoramodniiou  comes  into  play.  The  change  of 
lenticular  shape,  with  the  consequent  increase  of  radial  cun-aturt^^.  per- 
mits a  stronger  action  of  the  kiiin,  an<l  thiij  additional  phvfttological 
action  is  suuicient  to  compensate  fur  the  iiicreiised  wnrlc  given  to  it. 
Thus,  in  Fig.  130,  the  divergent  ray  from  the  aerial  point,  h,  has  been 


pjfl.  lao. 
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sufficiently  converged  by  the  additional  lens-action,  during  its  passage 
into  the  eye,  for  its  image-point,  ,5,  to  fall  upon  the  retina.  This  is  true 
for  iilmuKt  all  finite  points  from  which  divergent  rays  can  proceed  into 
the  eye — the  rule  being  that  the  nearer  the  object  i»  to  the  eye,  the 
greater  muKt  be  th&  lenticular  action :  that  is,  the  more  divergent  the 
ray,  the  more  convex  must  the  lens  be  mode.  The  mocneni  the  object 
is  situated  inside  of  so-called  infinity,  tliat  momwit  the  entering  rays 
become  divergent,  that  moment  accuminodation  beoomett  necessary,  and 
increase  of  lenticular  powor  is  re<iuire(l. 

The  utmost  power  of  the  lens  is  represented  by  the  nearest  poiul  at 
which  an  object  can  be  properly  seen.  Thus,  in  Fig.  181,  the  |K)int 
p.  which  CHii  be  supposed  to  be  situated  eight 
centimpters  in  from  of  the  eye,  represents  the 
total  focussing  strength  of  the  dioptric  media. 
It  shows  the  powtr  of  accommodation.  It 
is  the  objective  expression  of  the  total  physi- 
ologicftl  action  of  lenticular  change.  This 
point.  cxpre«se<l  as  P.  is  termed  the  pHttctum 
N«»^pulm.  prozimum,  or  near-point.     Its  distance  always 

exprejwen  the  strength  of  the  focussing  material. 
Thus,  should  the  near-point  he  situated  at  eight  centimeters,  it  wUI  be 
known  that  the  increaj^e  of  the  len*  power  has  been  equivalent  to  a 
conve.v  lend  which,  in  the  air,  would  foctitt  at  eight  centimeters.  For 
the  sake  of  convenience,  it  wnuld  lie  said  that  such  an  eye  bus  an  eight 
centimeters,  or  thirteen  diopters  lens-power. 

This  brings  us  to  the  region  of  accommodation.  The  term  as  here 
written,  signifies  tlie  linear  distance  over  which  accommodation  has 
play.  In  the  emmetropic  eye,  it  is  the  distance  between  infinity  and 
the  near-point.  In  tbe  ordinary  eye,  it  is  the  distance  between  the 
furthest  focussing -point  when  the  eye  is  in  a  state  of  rest,  and  the 
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neareet  focussinc- point  when  tlie  eve  has  assumed  Jt8  utmoet  lenticular 
atition.  It  ift  the  total  (linear)  distance  over  which  finite  points  of 
focussing  are  ranged. 

As  has  just  been  said,  in  the  tiliimst  unknown  emniutropic  organ, 
this  range  extends  from  whnt  \s  knnwn  n.s  inanity  to  the  neare^tt  point 
of  fociiaeing.     Fig.  132  shows  thie. 

The  parallel  rava  of  light  fall  exactly  u[)on  the  retinal  plane  without 
Biiv  effort  at  accommodation.  Tlie  moment  the  raya  commerce  to 
diverge,  aecomnioilation  hegins.  It  niu»t  titcreforo  be  ussumed  that 
ftccommodatiTe  efforts  begin  the  moment  parallelism  iR  departed  from 
in  a  divergent  manner.  In  this  instance,  parallel  rays  must  be  con- 
sidered as  the  limits  of  nccommodation  :    they  arc  the  far-points  (u  r), 

eh  being  known  as  a  pitrn-tum  renwtum.  Suppose  that  the  object 
has  been  br^mght  into  the  nearest  pninl  at  which  it  is  clearly  visible  to 
the  tye.  In  the  diagram,  this  is  shown  at  r.  It  is  the  nearest  point  of 
distinct  vision ;  it  represents  the  total  lenticular  struugth,  llaving 
fixed  these  two  situations  (their  degree  of  separation  being  known  as 
the  region  of  accomrnoilation),   the  power  of  acommoJiUion,   which 
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Ihe  total  strengtli  of  the  accommodative  act,  no  mutter  what  or 
^Tts  region  may  he,  and  which  is  designated  by  the  symhol  A,  ean 

'"be  easily  obtainci :  r.  e.,  A  =  }'  —  R.  expressing  tliat  ihe|Ktwerofaccom- 
modalJon  equals  the  difiereiice  between  the  stales  of  refraction  when  the 
eye  is  focussing  upon  its  near  and  upon  its  far  points.  Thus,  a.ssuming 
in  any  given  case,  .\  to  be  of  a  certain  value  in  diopter  strength,  for 
instance,  A  ^^  10.  D,  A  =-  5.  D,,  cic.  the  number  of  dioptera  bo  written 

'in  every  instance  signifies  the  amount  of  power,  expressed  in  lenticular 
strength,  that  the  range  of  avcntiiniodatjon  possesses.  To  obtain  this 
bv  formula,  all  thsi  h  necessarv  tn  lin  is  to  obtain  the  distance  of  the 
fiu'-point  (r)  and  the  near-point  (p),  and  express  them  in  diopter  values, 
the  difference  between  the  two  strengths  giving  the  power  of  accom- 
mo<latioD.  For  instance  in  emmetropis,  if,  as  wc  know,  the  &r-point 
(r)  be  al  infinity,  it  can  be  repreaeiiteil  by  thp  appropriate  symbol  (  x), 
whilst  if  the  near-point  (r)  be  assumed  to  be  at  ten  centimeters,  1*  can 
be  represented  by  the  expression  10.  D. ;  that  is,  A  =  10.  D.  —  a,  or 
A  =  10.  I).,  showing  tlint  the  lenticular  strength  is  cjuivalent  to  an 
artificial  lens  of  ten  diopters'  power. 

In  the  average  human  eve,  the  parallel  rays  do  not  come  to  a  foous 

Ifxactly  upon  the  retina.     The  eye  is  either  too  short  or  too  long  in  ita 

Iwiteru  posterior  diameter,  and,  in  couse^^juence,  inGnlty  ceases  to  be  the 
~ir-puint.    dust  as  before,  the  far-point  must  be  conHidorod  us  the  aerial 
sint  from  which  rays  would  fall  upon  the  retina  when  the  eye  is  in  n 
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8UCe  of  rest.  In  the  lon^  or  mropic  eye,  there  ia  an  aboonnal  increaw 
of  fixed  (ocasaing  material,  which  necessarily  adapts  the  eye  in  a  etate 
of  rest  for  divergent  rays.     Fig.  133  shows  this. 

Here  the  eye  w  so  long  that  the  rctinnl  focus  can  be  obtained  only 
when  the  entering  ray  is  divergoni — parallel  rays,  as  is  ahown  by  the 
dotted  lines,  falling  into  the  xitreous.  This  then  brings  the  far-point 
to  a  fixed  and  finite  discunce,  this  point  being  representative  of  the 
refraction  of  the  eye.  ShonM  it,  for  instance,  be  flitnat*rl  thirty  centi- 
meters in  front  of  the  eye,  then  the  eye  which  is  focussing  at  this 

FW.  Ids. 
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T^-pofnl  In  ft  myinic  eye. 

point  in  a  titate  of  rvH,  and  without  any  eObrt  of  accommodation,  has 
sufiicietit  stable  and  immobile  focussing  material  to  focua  at  thirty 
centimeters.  It  i»  in  it<i  state  of  refractive  rest.  Should  the  far-point 
be  situated  at  thirty  centimeters,  the  refiractive  material  of  the  eve 
must  be  equivalent  to  about  three  diopters'  power  above  that  in  tne 
emmetropic  organ. 

Such  an  eye,  just  like  any  other,  has  its  accommodative  power,  the 
ntmoKt  action  of  this  power  being  manife(it«d  by  the  near'poiD^  Thus, 
in  Fig.  134,  if  h  be  at  thirty  centimeters,  and  the  utmost  aocom;modaiion 
be  eqnal  to  ten  diopters'  power,  the  range,  or  region  of  accommodatiou, 

Ftc.  IM. 
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ail  Eoay  eanly  be  perceived,  is  markedly  diminished.  It  has  been  de' 
creased,  although  the  same  ten  diopters'  strength  has  been  resident  in  the 
focUMtng  power.  Here,  however,  the  near-point  has  been  brought  cloi»er 
to  the  eye  than  in  the  emmetropic  organ,  because  it  has  had  the  advan- 
tage of  the  increosed  refractive  power  in  the  myopic  organ,  which  in 
this  case  is  equal  to  alwut  three  dioptere,  thus  practically  adding  tliree 
diopters  of  strength  to  the  ten  diopters  of  lens-action,  and  mifliing  a 
total  result  of  thirteen  diopters,  which  will  give  a  near-point  of  about 
eight  centimetern  instead  of  ten. 

Should  the  orgiin  be  too  short,  as  the  vast  majority  of  human  eyen 
are  constructed,  tlie  focussing  material  will  be  so  shallow  as  to  cause 
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insufficient  focuHing  of  even  parallel  rays  upon  iu>  retinal  plane,  tliiu 
requiring  a  definite  amount  of  the  power  lo  be  entploycii  in  keeping 
distant  objects  in  proper  %-iew.  Figs.  135  and  13b  sliow  this.  Tig. 
HiTt  exptaini^  liuw  tlie  eye.  beinj^  sborU  h  able  to  foaus  only  ven'  weak, 
or,  in  reality,  already  convergent  rayit  upon  its  retina,  the  paratle)  rays, 

ria.  ::»■ 


ImUUlf  Ki  Iboai  pArnllvl  nyt  <m  lb«  i«Un*  nf  tli«  b^pCEnnelrupic  e.ve. 

wliieh  are  here  dotted,  falling  pottierior  to  the  plane,  of  the  retina. 
Fig.  13t>  demon3ti-ate»  tLat  it  requires  »n  addition  to  the  convexity  of 
the  crystoiline  lens  in  bring  these  pamlU'l  raya  upon  the  retina — the 
amount  of  additional  convexity  required  bein^  in  direct  ratio  to  the 
amount  of  shortening  of  the  globe,  or  what  is  known  a.s  hypcrme- 
jpia. 


AWoamadAtlDn  nccMvair  to  IxtIdk  pMnilltJ  ny*  on  tbe  leUna  of  the  hrptnaciropte  ejt. 

Tills  additional  convexity  takes  away  a  portion  of  the  uccommodatire 
power  merely  to  preserve  proper  disl;iiit  vision,  leHving  more  or  Iosb  of 
a  minimnm  for  purjioses  of  accommodation.  Suppose,  for  infttanee, 
that  one-fourth  of  the  uecomniodative  power  has  been  employed  in 

rta.  »:. 


AildlUgokt  •ccammoiliillv*  power  neoeM»n'  to  bring  kit  otjcf  I  ot  tl>a  ncflr^potni  upon  tbi- 
rqUnn  of  >  hj-permotniplc  mjv. 

obtaining  distinct  distant  sight,  then  but  three- fourth.?  will  be  left  for 
active  uccoDiuiodution.  The  result  is  thai  the  near-point  will  be  farther 
i removed  from  ibc  eye;  thftre  will  be  u  weakeiiinj^  of  wliiit  may  be 
termed  the  drnnmic  or  changenbk-  power.  Thus,  in  Fig.  IJJ",  the 
parallel  dotted  rays  have  been  sutliciently  converged  to  be  received 
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npon  the  retina  by  th(^  ndtlitional  action  of  the  lenn,  an  ithown  br  thr 
dotted  curve.  A  certain  timouiit  uf  lens-action  hiifi  been  lost  in  tbis 
procedure.  The  remaining;  portion  (g.  e.,  tbe  portiuti  beyond  tbc  dotted 
portion  of  the  lens)  is  useful  only  for  dccomioodfttinn.  There  being 
lefts  ilynumic  |iluy  of  Itms  strength,  ihc  near-point  will  be  situated  at  n 
much  greater  distance  than  in  either  emmotropia  or  myopia.  Here, 
therefore,  both  reeion  and  power  of  accommodation  are  alTected  :  ihey 
are  both  decreased.  For  example,  suppose  that  the  aa.in«  ten  diopters 
of  lens-power  are  userl  that  have  been  employed  in  the  emmetropic  and 
the  myopic  organ.  Here  one-fourth,  or  two  and  a  half  diopters,  have 
been  employed  to  pre^erre  distant  vision,  lenvinj;  but  seven  and  »  halt 
diopters  of  leua- power  out  of  tho  total  leu  diojvters'  power  of  leuB-action 
to  he  used  for  aceivminudutive  pi]rpase.«.  Thin,  an  has  been  explained, 
roust  be  taken  away  from  the  near-p<7int,  r,  which  repreaenta  the  iota] 
]en»-power:  in  other  words,  the  near-point  is  removed  two  and  a  half 
diopters'  strength  of  the  lens-action  away  fi-om  the  ten  centimeters' 
distance;  that  is,  it  is  pushed  out  to  thirteen  centimeters.  The  formula 
for  the  total  power  of  accommodation  would  now  read:  Accommodating 
power,  or  7.50  !>.,  plus  the  corrected  ametropia,  or  2.50  D.,  equals 
10  D.  or  A.  That  ia,  ten  diopters  of  accomuiodativo  power,  which, 
on  account  of  two  and  a  half  dinpterH  beiTtg  used  to  bring  the  refraction 
to  emmetropia  (  oc ),  are  r&luceil  to  seven  and  a  half  dioptern'  play  of 
accommodation,  or  in  formula,  HI.  1>.  —  2.50  D.  :=  7.50  D. 

In  every  instance,  no  matter  what  the  refraction  of  the  eye  mjiy  lie, 
accommodative  power  weakens  through  age.  The  eye  becomes  what 
Dondcra  calls  "presbyopic"  —  ohl-sighuni ;  the  movable  focuHsing 
apparatua  is  impaired  through  senile  chnngeit  taking  place  in  the  len&- 
subBtance  and  the  fil>reK  of  tlie  (.^linry  muside,  and  the  action  of  the 
apparatus  if,  consequently  diminisKe<l.  Both  region  and  power  of 
accommodation  decrease,  not  at  ttie  near-point  only,  as  is  so  often  sup- 
posed, but  in  tlie  hypermetropic  eye  at  the  far-point  also :  this  beinjj 
shown  by  tbe  rendering  manifest  of  hyprmotropia  which  has  remained 
more  or  less  latent  for  many  yearK.  A  glance  at  FigB.  138  and  189 
will  explain  this. 

In  Fig.  138  the  eye  ham,  for  e.xaniple,  a  long  time  been  able  to  bring 
objects  in  to  the  tiear-point,  p.  Through  senile  cfiange  the  accommo- 
dative power  le-sgens,  and  in  consequence  the  near-point  necessarily 
becomes  removed  to  p'.  Iq  Fig.  ('39.  let  it  be  supposed  that  tbe 
extraneous  parallel  rays,  R  R,  have  for  many  years  been  allowed  to  fall 
upon  the  too  shallow  fundus  by  a  compensatory  action  itf  the  crystfllline 
lens  in  furnishing  more  focu»uting  muterini  to  the  insufficient  refraction 
of  the  eye.  Here,  aa  age  has  advanced,  the  loss  of  ciliary  tone  and 
tliB  incapability  of  iucreaae  of  lenticular  power  show  themselves  in  the 
inability  of  the  eye  to  focus  the  parallel  rays  u[ton  it«  retina,  and  K  R  go 
(0  h'r'.  The  refraction  of  the  organ  has  been  robbed  of  its  accommoda- 
tive support,  and  the  usual  tar-point  is  lost  and  t^^rried  beyond  infinity; 
suoh  rays,  as  before  explained,  being  ordinarily  unrecognisable  in  nature. 

In  the  emmetropic  organ,  the  far-point,  which  is  iufmity,  and  is  in- 
tended for  the  reception  of  parallel  rayR  upon  the  retinal  planej  remains 
untouched.     Here  the  near-point  alone  i.-^  afTecteti. 
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So  with  the  mjopic  eye,  as  \ts  far-point  is  at  a  finite  distance,  there 
is  utmailir  no  exercise  of  acconimoJation  to  hold  it.  The  increased 
refraction  of  the  eje  is  generaily  sufficient  In  keep  it  in  place.  The 
near-point  is  the  only  one  to  go.  If  the  far-point  be  situnleil  at  n 
oomfbrtaMe  distance  for  employment  during  near  work,  the  eye  will 
never  re.|uire  any  artificial  correction  for  such  work,  except  it  he  for 
^gmatistn. 

Fia.  ISA 


TtM  TOceadon  of  tbo  neu-folnt  In  pmibropla. 


PlO,  IW. 


Ttw  low  of  Ihe  IkMKdnt  Id  prtibyopi*  In  hypcnnmroplK. 


• 


iT  uitSBiypn'  have  asserted  tlie  existem^e  of  w1iat  \s  known  as 
ntgative  ^t^HUtodation^  holding  that  a  minimum  i^iinnnty  of  the  total 
aocommodalive  power  i8  in  constant  use  when  au  e]nmftru],tic  eye  is 
being  employed  for  distant  vision,  imd  supporting  tliis  opinion  by  the 
Hsertion  that  total  c-ilitiry  paralysis  hy  tlie  use  of  a  i«trong  mydriatic, 
saeh  BB  atropine,  will  render  vtaiblo  u  cjuarter  to  »  half  diopter  of 
Bccommodation  more  than  can  be  fniind  in  the  emmetropic  organ  when 
itfi  intra-ocular  muscle  is  untouched.  Carefijj  anil  repeated  i n vest igat inn 
with  both  emmetropic  and  umctropic  orgntif  is  ni^eded  in  this  matter 
bfllore  the  Btatftneni  can  be  accepteil  as  a  certainty.  Some  suppose 
that  this  condition  is  produced  by  a  dragging  forward  of  tlic  churioid, 
producing  a  flattening  of  the  tens. 

It  will  be  remembered  that  the  fovea  centralis  ia  a  situation  on  wiiich 
ordinarily  the  image  of  auy  object  looVeil  at  i^  formed.  Again,  it  must 
tie  borne  in  mind  that  when  uxing  both  eyes,  there  mu!>t  be  a  double 
image  of  the  object  fixed  upon — one  for  each  eye ;  and  yet,  as  such 
bbjectft  are  seen  ringlj,  it  mast  be  conceded,  as  has  been  explained  on 
juage  84,  that  there  must  he  single  impressions  from  tlie«e  two  retinal  visual 
points.  Moreover,  it  hn«  been  shown  that  to  obtain  the  best  vision  of 
an  object,  or,  in  other  wonbt,  to  make  it  the  central  or  most  important 
point  to  fix  upon,  the  twu  eyett  muHt  be  u^ed  in  ]].irmoiiy,  so  &»  to  have 
their  fovea  in  line  with  l}ie  object  itself  Practically,  on  account  of 
there  being  a  definite  distance  between  the  two  eyes,  averaging  ia  the 
Caucasian  adult  from  sixty  lo  sixty-four  millimetcn!  between  the  two 
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centres  of  motion,  these  so-called  risual  lines  are  parallel  to  each  other 
when  the  two  eyes  are  gazing  at  u  distant  object.  When,  however,  any 
object  gazed  at  binociiTariv  i»  brouvhi  to  some  Dear  dlstaocc,  there  it 
ill  every  direction  throoghont  liie  hinociilar  field  of  vision,  a  movement 
iiiwiinl  of  one  or  both  of  the  globes.  This,  which  h  known  a*  con- 
itri/encit,  ia  I>e8t  reprcsente*!  liv  that  double  inward  motion  given  to  the 
eyes  when  thev  iire  biiiocularlv  g^zin;.;  at  some  near  object  -lituated  on 
the  median  line.  Thus,  in  Fiw.  140,  convergence  takes  place  the 
moment  the  lines  of  vision  leave  tiie  points,  c  and  c'.  respectively  known 
as  the  far-pointf  of  conncrgence,  and  begin  to  be  directed  toward  the 
median  lino.  M  ;  this  variation  being  incliitled  in  an  nnj^le  known  a*  the 
arii/h  of  cunvtrryenet:.  Each  movement  inwanl.  or  change  in  aogalar 
deviation,  can  he  mraanred  either  alon^  the  median  line,  H  W.  or  ap- 
proximately along  the  plane  c  m  c'.  in  tlie  former  plan,  it  is  K""gwi  by 
a  unit   designated  an  the  meter  angle  of  convergence ^  i^'wwmg  the 

no.  uh 
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angle  included  between  the  twu  visual  lines  of  each  eye  when  it  is  pri- 
marily fixed  for  distance,  and  when  it  is  secondarily  6xed  upon  the  object 
aituate<l  on  the  median  line  at  one  meter's  distunci-  from  the  baso-lino 
connecting  the  two  centres  of  rotation  of  the  eye — using,  of  course, 
the  nodal  or  turning-point  in  the  eye  a^i  the  apex.  Thus,  in  Fig.  140. 
CK  .M  \»  the  meter  angle,  or  unit  of  convergence.  Sliouhl  the  object  be 
brought  still  nearer  along  the  median  line,  so  as,  for  instance,  to  be  at 
one-half  meter's  dioiance  (at  M')  from  the  baae-line,  K  H  K',  of  the  two 
eyes,  die  deviation,  c  K  m',  will  be  twice  as  gre»t  as  that  of  c  k  H  ;  it  will 
^  equal  two  one-meter  angles — showing  that  the  distance  diminishes  in 
direct  raiio  witli  the  increase  of  ihc  ungubir  deviation.  Thus,  any 
&moant  of  inwanl  motion  of  the  two  eyes,  irithcr  steparaiely  or  com- 
biuedly.  cui  be  studied,  the  tulul  amuLinC  of  convergence  employed 
being  known  as  the  power  of  (umvergenre,  which  is  calculated  by  taking 
into  account  the  number  of  meter  angle.4  conmined  in  the  convergence 
of  any  given  case.  Just  as  in  accommodation,  however,  although  the 
power  of  convergence  may  be  alike  in  any  two  cases  (for  example,  two 
meter  angles  or  five  meter  angles  of  power  of  convergence),  yet  the 
position  of  the  number  of  metor  angles  amy  be  dilfcront,  thus  giving 
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rise  to  the  term  ^■region  of  convergence"^ — a  term  that  tells  where  any 
ileGnite  number  of  meter  angles  (or  power  of  convergence)  is  siiitate*]. 

lu  the  latter  plan,  where  the  luuouiit  anil  pmition  of  the  aiiguhir 
(leviationn  are  studied  along  the  meter  plane,  ai;,  for  instance,  c  M  c'  in 
Fig.  140,  or,  if  more  accurately  deaired,  at  equivalent  centrad  tangents, 
the  calcabtioD,  although  not  atwolutelv  correct,  becomes  quite  &/i»y 
and  comprehensive  enongh  for  rough  clinical  purposes  Thus,  given 
an  aventge  width  of  sixty  millimeters  between  K  and  k',  or  the  centres 
of  motion  of  the  two  eyes,  L  and  K.  in  Fig.  IJO,  it  can   he  seen  at  a 

§lanc«,  thai  the  amount  of  deviation  along  the  meter  plune,  cMC',  13 
lirty  uiilliineters  for  each  eye:  that  la,  tlio  »ine  of  each  meter  angle 
ueaiureil  on  the  meter  pUne  is  equal  to  thircy  millimeteni.  Should 
the  visunl  line  he  extended  along  the  meter  plane,  Uie  distance  will  he 
doubled,  tripled,  quadrupled,  etc.  'JTiese  intervals,  however,  becoming 
increasiugty  less  true  for  every  successive  increase  of  viautil  deviation, 
neceesit&te  careful  culculatinn  of  equivalent  tangenta  for  every  such 
inereue  made  when  scientific  accuracy  is  re((nired.  f-onveraoly,  know- 
ing the  length  uf  the  sine  of  the  angLe  for  any  definite  diotunce,  the 
number  of  meter  angles  contained  in  it  can  he  eawily  ohtaineit  by 
dividing  the  length  of  the  one-meter  angle  expressed  in  millimeters 
into  the  number  of  millimeters  contained  in  the  sine  wished  to  be 
■letenoined.  For  instance,  the  sine  nt  four  meters'  distance  must  be 
Ks  many  times  greater  than  the  unit  of  convergence,  as  the  number  of 
meters*  distance  is  increased.  Thus,  9a  there  are  one  hundred  and 
Iwenty  millimeters  of  deviation  at  the  four  meters'  dirtttince,  120  -;-  30 
(expressive  of  the  number  of  inillimeters  in  the  one-meter  sine)  ^  4, 
ur  four  meter  angles,  or  one  meter  angle  deviation  at  four  meters* 
distance. 

Farther,  the  number  of  meter  angles,  and  therefore  the  length  of 
tbe  visual  line  in  any  given  case  being  known,  the  amount  of  angulnr 
deviation  at  any  desired  distance,  exprea»ed  in  either  \mmM  diopCrrs  or 
cenimds,  can  be  calculated.  This  is  done  by  simply  taking  tlie  ratio 
between  the  number  of  millimeters  in  the  sine  of  the  one-meter  angle 
and  tlie  number  of  millimeters  In  the  mediiin  line  from  the  point  of 
fixation  that  it  is  desired  to  ostimiite  to  the  ha»e-line.  and  expressing 
tliem  in  bundredttm,  thus  giving  for  ordinary  clinical  purpose's  the 
Dumber  of  priam  diopters  or  centrad  strengths  used  to  obtain  the  desired 
mult.  For  example,  in  the  previous  ligure,  anppose  that  the  fovea  of 
the  eye.  R,  be  fixed  upon  the  point,  m',  on  the  median  line,  M  H,  mtuated 
11  what  we  have  determined  to  be  equivalent  to  two  meter  angles  or 
half  a  meter's  distance  along  the  mcdinn  line,  M  ll :  in  other  word;),  the 
point  of  fixation  being  just  at  one-half  meter  or  five  hundred  milli- 
meters,  and  the  sine  of  the  meter  angle  being  thirty  millimeters  in 
length,  thirty  (the  length  of  the  ^ine  of  the  meter  angle)  is  to  five 
hundred  (the  number  of  millimeters  on  the  medinn  line  from  the  bnse- 
hoe  to  the  point  of  fixation)  as  six  is  to  one  hundred;  that  is.  there 
are,  roughly,  six  prism  diopters  or  six  cenirads  of  power  of  convergence 
wnployed.     The  following  abstract  from  Kandalt's  tables  will  not  only 

■  Rcra,  JuatnsInwiiMmRiiKUtliiii,  thu  larm"  region  of  nun TOrRKtico  "  glvgn  lU  tni4  mwinliiK 
to  AfldAMtlDK  Uw  Mattiona  of  tbe  motci  *nit><4.  trtuln  Ute  "  power  at  eanTervence  '  Kprewnu 
*Uwi|Ui  oiptoved In  Ibo  mimhor  of  mtrioiaiiKlo. 
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suffice  to  show  the  absolute  and  relative  strengths  of  prism  diopters 
and  centrad  action  obtained  by  a  few  of  the  moat  important  meter 
angles,  bat  will  also  serve  as  a  basis  for  the  methods  of  obtaining  any 
desired  calculations : 

TABLE   OF   METER   ANQLBS   IN   CENTRADB   AND   PRISM    DIOPTERS,    WITH 
AN    INTEROCULAR    DISTANCE    OF   SIXTY    MILLIMETERS. 

Meter  angle.  Centrada.                                          Priem  dloplcn. 

t 8.000 3.0012 

2 6.0M 6.020 

3 0.013 9.0S7 

4 12.03  12.08 

5 15.05 15.17 

6 18.09 1^80 

7 21.12 21M 

8 24.24  M.7B 

9 ?7.87  38.05 

10 30.47 81.« 

12 38.8S 38.59 

14 43.34 4e.28 

If. 50.18 S4.71 

IH 67.04 64.16 

20 64.35 76.0 


CHAPTER    VI. 


EXAUINATION  OF  THE  EYE. 


As  the  success  of"  every  viirieiy  of  diagrioRtic  proccKluro  liepcnds  upon 
careful  roatin«  study  of  the  exietent  oondiiions,  so  in  ocular  disease, 
definite  paths  must  be  followed,  until  every  ordinary  means  of  research 
has  been  exhausted.  Each  cbac  \s  lo  be  subjected  to  the  most  critical 
tad  pajnat&kiug  exawiiiutiun  of  those  uondttiuus  that  lusy  in  any  way 
(end  to  throw  light  upon  t1i(>  Riihject.'  The  vitiUHl  Hcuteiiena  and  range 
!»nd  power  of  ncconmiodatinn  of  each  eye  are  to  be  tried  in  every 
ilutaDoe  poflsible.  Extra-ocular  muscle  balance  Is  to  be  obluined  ;  the 
appearance  of  the  lids,  the  conjunctiva,  the  cornea,  and  the  iris  \a  to  be 
noted  ;  the  visible  parts  of  tlie  lens  are  to  be  studied  ;  the  intra-ocular 
tenaon  is  to  be  tested ;  and,  laftlly,  every  ease  is  to  bo  submitteil  to  a 
ino«t  careful  and  syHtcmatic  exaiiiinaticin  with  the  ophthalmoscopy.  All 
theae  conditions,  in  association  with  a  concise  family  and  persona)  hititory, 
should  becarefiilly  reported.  In  nirer  cases,  especially  where  there  is 
pOM  local  change  dependent  upon  systemic  lesion,  the  visual  fields 
Booold  be  studied.  In  other  instances.  L-xnroin&tion  should  be  tnodc  for 
the  detection  of  subnormal  color-perception,  particularly  in  cases  that 
show  indications  of  it  in  the  visual  field.  Kverytliiug  of  any  Hupposed 
value  M  to  be  recorded.  The  ridicule  of  those  who  fail  thus  to  keep 
themselves  thoroughly  accjuainted  with  the  many  evanescent  changes  to 
which  diseased  eyes  arc  prone,  is  not  to  be  regarded.  Note  of  every 
passing  condition  is  to  be  taken  ;  by  such  observation  not  only  will 
the  mind  be  kept  free  from  uncerlaiu  knowledge,  but  ilata  will  be 
secured  for  future  answer  as  to  prognosi.s  and  treatment.  Let  the 
ocular  memory  be  one's  case-book  ;  trust  the  knowledge  of  passing 
changes  to  its  leaves.  Remember  that  nine-tenths  of  the  success  in 
diagnosis  comes  from  careful  routine  observation,  and  that  careful  note- 
taking  is  of  the  very  essence  of  such  obsiirvation.  Several  times 
the  Mithor  has  seen  cases  in  which  <lnngornus  symptoms  have  been  dis- 
sipated by  the  repetition  of  what  would  have  been  lost  empiricism  had 
there  been  uu  noting  of  it  in  a  case-book  long  laid  aside.  In  so  impor- 
tant a  matter  to  the  eye  as  a  cataract,  questions  of  character  and  methods 
of  operative  procedure  have  often  been  decided  by  a  previous  record. 
Time  and  again,  the  leniporary  conditions  found  in  nerve  disease, 
although  at  t)ie  moment  they  have  seemeil  of  no  special  value,  hnre 
proved  of  great  utility  in  the  later  history  of  the  case.  Frc<|uently,  the 
notings  of  reparative  change  and  degenerative  action  in  both   local 

'  .UUioanh  tbcfQbjecl-raMUrIn  llibcbapurhubccn  jilacoil  Mniiicliii«poii>tlili;  inlUxllnloAt 
Dcder.  vet  on  ■RFount  of  itivTarliDiia  vriwedunt  bavfogbwumudviu  miUtv  MtmMlblelu  their 
*p«etKl  ■ItuBllom.  «)  Hft  not  (o  ronfuao  tha  rudcf  tty  nt«dla«  KpcUUon.  It  UTiutcxiMCUd  lliKt 
«ii<roa> •ball  rallow,  In  tsdi  iMiTti*»ir«rln«t«DC«,  iberauUue  uxubUubUoiu  bervclvoD. 
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disorders  und  sjatemic  disease,  have  given  annwera  to  questions  as  to 
treatment  and  tlie  ultimate  result  of  the  diiKirder.  Make  it  u  rule,  oo 
matter  of  hi»w  little  ciitiwquence  a  condition  may  appear  to  be  at  the 
time,  to  record  it  witli  every  ocular  symptom  that  may  have  any  rek-varit 
gigDilicaQcc.  Mom  than  once,  the  author  hm^  fuund  a  rare  pathological 
intm-ocular  picture  by  usin^  the  oplithalmoscopo  in  a  case  of  slight 
ailuient  of  the  lid  or  conjunctiva.  One  of  tlie  most  interesting  eye- 
grouiul.^  tb»t  he  has  ever  Men,  was  obtained  by  an  optitlinlmoscopic 
examination  (tf  »  [mtient  who  had  a  piece  of  emery  imbedded  in  the 
cornea  of  the  opposite  eye. 

After  procuring  a  succinct  history  of  the  patient's  complaint,  the 
exnmiuatioa  ia  to  be  commenced,  if  possible,  by  ubtaioitig  the  acwtentM 
of  vuion  by  means  of  so-caniMl  test-typos,  m  has  been  explain»l  on 
pages  l.V)  and  151.  These  types,  which  are  arranged  In  consecutive 
oruer  upon  large  cardti,  are  so  graded  in  size  that  ca^'li  letter  in  ita 
entirety  subtends  an  angle  of  five  minutes  in  all  directions,  at  the  dis- 
tance marked  above  it.  Thus,  lb  the  sheets  of  letters  at  the  end  of  the 
volume,  which  have  been  modified  by  the  author  from  ihose  of  Snellen 
and  De  Wcckcr,  the  largest  letters,  E  and  0,  arc  intended  to  be  seen  at 
the  distance  wf  forty  metera ;  the  iie.xt  in  size  should  be  recognized  at 
thirly-five  meUTs;  anr]  so  on  at  tive-meter  intervals  up  to  those  which 
subtend  an  angle  of  five  minutes  at  five  meters. 

3v  hanging  a  card  of  such  leilers  on  a  wall  opposite  to  a  window, 
and  having  the  patient  sit  with  his  back  to  the  source  of  light  at  fire 
meters'  distance  from  the  teat-type,  a  convenient  distance  for  a  basis  of 
calculations  will  bo  obtained,  and  any  eiTor  that  might  arise  from  expo- 
sure of  the  eye  to  either  direct  light  or  co  insufficient  illumination  will 
be  avoided.  The  card  should  be  hung  so  that  the  five-meter  type  shall 
be  about  one  and  a  half  meters  above  the  floor ;  this  will  bring  the 
type  about  on  a  level  with  the  patient's  eye.  Kach  eye  should  he 
examined  separately,  care  being  taken  that  the  patient  does  not  press 
upon  the  fellow-eve  during  the  examination.  A  different  card  for  the 
opposite  eye  is  to  be  used,  or  the  patient  is  to  read  the  lines  backward 
for  the  second  trial.  The  student  should  always  be^n  with  the  .-iupposed 
more  defective  eye,  so  that  the  patient  cannot  gain  anything  by  memor- 
izing. He  should  register  these  fimlings  in  the  ordinary  manner  of 
fractions,  employing  the  numerator  (d)  to  express  the  distance  used, 
and  the  denominator  (D)  for  the  size  of  the  type  seen  :  thus,  should  the 

patient  read  the  five-diopter  type  at  five  meters,  the  fraction    ',  or,  as 

sometimes  written,  „,  would  equal  j^,  and  would  sliow  that  he  had  . 
or  normal  vision.  Should  the  patient,  however,  be  able  only  to  read 
the  forty-diopter  type  at  five  meters'  distance,  the  fraction  _   would 

appear  >*  t,;  (  yi  )>  »^"»wing  that  there  wa«  but  one-eighth  of  normal 

vision.  If  the  forty-diopter  type  be  unrecognized  at  this  distance,  the 
Burgwm  is  to  gradually  carry  the  type  toward  the  patient,  or  have 
him  more  toward  the  line  of  largest  lettei-s  until  it  is  seen.  This 
new  distance  is  to  be  measured  or  estimated,  and  made  the  uumer- 
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«tOT  of  the  fraction :  tbua,  should  it  be  necessary  to  have  the  patient 
approftch  to  fbor  meters  from  the  forty-diopter  type,  the  fraction  will 

**4o  (al)'  *^'*'''  '*  equivalent  to  one-tenth  viaion.  If  two  mctere 
be  the  Gu-thest  point  at  which  the  type  can  be  properly  <li9cemetl.  the 
fracdoD  will  he  ^  (  „,  )  and  the  vision  will  be  onc-twcntietli  of  nor- 
ma]. Il  U  best  in  all  the  worlc  to  give  the  actual  fractional  value,  as  this 
I.  both  the  type  seen  and  (he  'lisUnce  euiployeij  [f  all  the  letters 
ttwBf  certain  line,  aniJ  possibly  a  couple  of  letters  of  ttie  next  smaller 
line,  are  «een,  gome  surgeons  place  a  plus  mark  after  the  fraction.  If 
some  of  the  letters  of  nny  line  arc  improperly  niiiiied,  a  minus  sign  is 
placed  after  the  fraction.  The  author  prefer*  the  more  exaet  method 
of  giving  the  fractional  value  alyne  wlien  every  letter  of  any  certain 
line  is  rearl,  and  plm'ing  iw  many  intyrrogiition  signs  after  the  fraction 
at  there  are  miacalletl  letters  in  tlie  line. 

Among  the  illiterate  and  with  young  children,  recourse  can  be  had 
either  to  the  many  forms  of  geometrical  fif^res  constrooted  upon  the 
fame  pfincipat  aa  the  letters,  or  to  the  more  difficult  ti'^t-dols  of 
Burcbanlt.  If  vision  be  more  iraperfort  than  ran  bo  judged  or 
obtAined  hy  the  curd  of  letters,  resort  nniAt  he  bud  to  the  mfthod.s  for 
determining  cfUaQtitative  vision.  Ordinarily,  thiii  is  done  by  having 
the  patient  stand  about  five  meters  hack  of  a  large,  open  window,  ana 
walk  gradually  forward  toward  the  outstretched  hand,  until  lie  is  able  to 
designate  bow  mnny  6nger»  are  raised.  If  there  be  good  daylight  in 
the  room,  or  if  there  be  artiBcIal  light,  the  patient  can  be  placed  at 
five  meters*  diftance  frum  the  observer,  who  should  stand  in  a  bright 
place  or  beneath  the  light.  The  patient  i.i  then  to  approach  gradually 
whilst  the  observer  has  his  out«tretche«l  hand  raised  in  front  of  bis 
breast.  It  is  a  good  plan  to  move  the  hand  slowly  from  aide  to  side 
over  a  limited  area,  and  to  change  the  number  of  fingers  raised  the 
moment  the  patient  gives  any  answer  aa  to  their  Dumber.  If  tlieh»nd  bo 
held  so  near  that  its  reflection  can  be  seen  upon  the  eye,  t\w  pmccdnrc 
can  be  facilitated  by  keeping  its  shadow  opposite  the  pupillary  space. 
Should  the  virion  still  be  lower,  the  patient  should  he  taken  into  a  dark 
room  and  seated  in  front  of  a  light  in  such  a  position  that  his  face  will 
be  in  shadow,  and  that  the  source  of  light  will  be  upon  the  same  side  as 
the  eye  that  is  to  be  examined.  Having  him  cover  the  fellow-eye  with 
a  handkerchief  or  bandaue  so  as  to  exclude  every  particle  uf  extraneous 
light  from  the  organ,  the  light  in  to  be  turned  down  m  as  to  malte  it 
equal  to  about  one-half  candle-power.  The  .student  is  then  to  take  a 
position  in  front  of  the  patient  and  on  the  same  side  as  the  light.  lie 
is  to  tell  the  |Mkttenl  to  keep  his  eye  steadily  fixed  stmight  ahead,  and 
that  he  must  point  to  the  direction  in  which  he  happt-ns  to  see  any  light 
appear,  without  moving  cither  his  eye  or  his  head.  Next  taking 
an  ordinary  concave  mirror  ophthalmoseope.  hy  holding  it  a  little 
beyond  its  focus  a  small  pencil  of  light  is  made  to  play  in  various 
directions  upon  the  exposed  eye;  this  not  only  giving  the  amount  of 
light-perception  for  the  macular  region,  as  is  obtained  when  vif<ion  is 
got  by  the  types,  but  also  securing  the  advantages  of  the  field  of  light- 
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perce|]tion  with  but  little  idditioQal  effort.  If  tbere  are  areas  in  which 
the  fliDcmnt  of  light  is  not  seen,  or  if  no  definite  field  ia  obtainable,  the 
liglit^stiumlus  sliould  be  atrengthened  Bufficiently  for  perception.  If 
tliia  be  iinpo^islblc,  the  patient  i8  to  be  wtieeled  around  to  face  the  light, 
^(ind  the  very  strongtwt  imd  raoat  concentrated  beams  possible  by  means 
of  a  twenty-  or  fifteen-diopter  bi-convex  sphericni  lens,  are  to  be  thrown 
in  vHrluits  direotion»  upon  the  organ.  Of  course,  if  more  scientific 
study  of  the  light-sense  be  desiren,  resort  can  be  had  to  one  of  the 
many  devices  which  report  the  finest  differentiation,  or  what  is  known 
as  iighf  difference,  expressed  as  L,  D.,  between  two  or  more  of  the 
weiikeat  intensities  of  ilJuiniEmtiun  that  are  visible  to  the  eye,  or  eive 
the  weakest  illumination,  known  as  light  minimum,  and  designated  by 
L.  M.,  that  can  be  recognized.  At  times,  it  may  be  useful  to  roughly 
test  the  degree  of  sasceptibjlity  of  the  eye  to  differences  of  intensity  of 
ligbt-atimulua.  To  do  this  readily,  various  tcst-lettcra  arc  to  bo  exposed 
whiUl  the  Mtreiigth  of  the  III  u  mi  nation  is  being  gradually  lessened. 
Thin  plan  is  onliriarily  known  an  the  metlind  for  the  determination  of  the 
minimuitt  of  difffrr^ntiation.  For  all  onlinary  purposes,  however,  the 
procedures  above  described  will  be  found  ample  to  give  adequate  answer 
in  general  clinical  work  and  everv-day  office  practice. 

These  results  should  also  be  rcuurded  in  full.  If  there  is  absolute 
blindness,  thp  reaiiU  is  to  be  nute<l  with  the  word  "  ni,tNn." 

Having  obtained  the  vijtual  acuity,  the  power  and  region  of  accommo- 
dation should  next  be  obtained.  This  is  generally  done  by  means  of 
the  smallest  test-types  which  can  he  read  at  the  farthest  and  the  nearest 
distances  possible  with  each  eye  separately.  These  two  points  give  both 
the  apparent  region  of  accommodation,  as  shown  by  the  space  or  differ- 
ence between  them,  and  the  manifest  power  of  acoomiuodalion,  as 
eviilenced  by  the  position  of  the  nearer  point. 

For  ordinary  use,  there  have  been  several  cards  of  type  employed, 
most  prominent  among  these  being  Snellen's  series,  which  have  been 
80  constructed  as  to  remain  in  the  one-minuto  minimum  angle  of  dis- 
tinct vision,  and  the  selection  of  ordinary  printei-s'  type  by  \  .  Jaeger. 
By  some,  it  is  juwerteil  that  the  Jaeger  types  are  the  better,  as  thoy 
place  the  patient  during  the  examination  under  the  same  conditions 
that  he  will  be  situated  in  in  afler-work.  Granting  this,  yet  it  is  a  fact 
that,  OS  the  Snellen  basis  is  more  scientific  and  carried  throughont  both 
the  distance  and  the  near-type,  there  is  no  break  in  the  work,  and  the 
one  becomes  definitely  related  to  the  other,  thus  reducing  error  to  m  min- 
imum. The  scries  of  accommodation  tests  placed  at  the  end  of  this  work, 
which  have  been  constructed  by  the  author  so  as  to  coincide  accurately 
with  the  Snellen  basis  of  letter-formation,  give  sufficieut  differences  of 
size  for  all  practical  purposes.  Commencing  with  0.'>0  D.  type,  which 
has  beenmadeof  a  size  sufficient  to  include  the  five-roinute  angle  at  one- 
half  meter,  the  card  i»  to  be  held  at  a  point  before  one  eye,  whilst  the 
other  is  excluded  from  view  by  having  the  patient  cover  it  with  the 
palm  of  his  hand  in  such  a  way  as  not  to  pri.*ss  upon  the  organ.  At 
first,  care  should  be  taken  to  bring  tlie  type  so  near  the  eye  that  there 
can  be  no  accurate  vision  for  the  type :  this  is  best  done  by  placing  the 
card  against  the  patient's  nose.     By  slowly  moving  the  card  away  firom 
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the  eye.  the  moment  the  first  word  in  tlie  0.50  D,  type  ie  recognizee! 
tud  properly  named,  the  ilimtance  ift  to  be  registered  in  centtmeiera  by 
an  ordinary  memnure.  For  uniformity's  sake,  it  is  best  to  hold  tlie  end 
of  the  measure  on  a  line  at  right  ungles  to  the  apex  of  the  cornea. 
After  hariog  obtained  thij  (the  near-point),  the  card  is  to  be  quickly 
ranovod  beyond  the  liraita  of  possible  accotnmodatirm  for  the  type — 
aay  to  ninety  centimeters — and  then,  whiltt  ftlowly  hrinjjing  the  card 
in  toward  the  eye,  the  patient's  attention  is  to  be  confined  to  the  same 
word,  and  he  soon  au  ue  says  that  he  is  able  to  read  it,  he  should  be 
immediately  made  to  read  the  succeeding  vord,  thus  destroying  any 
metnoriKing.  If  there  is  still  doubt,  the  patient  should  be  asked  to 
continue  reading  the  column  of  letters  as  the  cord  is  made  to  priidually 
approach  the  eye,  until  all  the  letters  are  clear  and  plain.  Tbie  dis- 
tance, which,  SB  we  know,  \n  the  far-point,  h  to  be  also  registered.  The 
findings  may  then  be  nnte<l,  for  instance,  as  follows :  *'  0.  B.  Ace.  := 
Type  0.50  D..  ten  centimeters — fifty  centimeters." 

The  same  course  is  to  he  pursued  with  the  other  eye,  and  the  results 
are  to  be  noted  in  a  similar  manner.  In  some  instances,  having  done 
this  Bcptti-alely,  and  desiring,  as  we  may  sometiracB  find  occasion,  to 
obtain  a  m(»t  careful  ciitiEnation  of  binocular  elforta  at  accommodation, 
we  can  proceed  in  the  »ame  maimer  with  the  two  eyes  combined, 
taking  care  to  place  the  type  midway  between  the  two  eyes  npt>n  the 
awdian  line.  Should  the  patient  l>e  apparently  presbyopic  and  unable 
to  read  the  0.50  D.  type,  a  +  S.  4.  U.  is  to  be  placed  before  the  eye, 
and  the  pn>ce<lure  continued  in  the  same  manner,  taking  care  in  the 
noting,  that  the  artificial  aid  nfTorded  by  the  lend  be  taken  into  account ; 
thus :  "  0,  1>.  Ace.  -\-  S.  4.  D.  Type  0..'iO  1).,  twenty  oentimctors — 
forty  centimeters." 

In  daily  ophthalmic  examination,  it  will  be  found  easier  for  compu- 
tation, and  less  tronbleeome,  to  confine  tlie  artificial  convex  lens  to  a  -|- 
S.  4.  D.  strength  as  much  as  possible,  and  to  endeavor  to  have  the 
patient  read  the  0.50  D.,  even  though  the  lens  over-corrects  the  accom- 
modative fiiilure ;  reserving  the  proper  corrections  of  the  fault  for 
eubeequent  study  and  calcuiiition.  If  the  patient  cannot  see  the  0.50 
T).  type,  he  nhould  be  a.<(ked  to  try  the  larger  ones :  these  are  to  he 
roistered  in  the  same  manner.  For  the  illiterate  and  the  uneducated, 
a  aeries  of  small,  properly  siz,ed  geometrical  figures  can  be  employed. 

As  explained  later  on,  when  the  two  eyes  accommodate  in  common, 
there  is  neocsearily  a  limit  tn  the  amount  of  deviatioti  or  the  power  of  the 
intemi  and  their  related  helping  muscles.  To  obtain  this,  which  is  not 
BO  often  necectsary,  the  easiest  clinical  plan  is  to  simply  bring  a  small 
test-object,  such  as  a  word  printed  in  small  type,  in  along  the  median  line 
toward  the  noae  whilst  both  eyes  are  gazing  upon  the  test-type.  The  nio- 
meni  that  diplopia  is  complained  of,  which  shows  that  one  or  both  of  the 
intemi  have  given  out,  the  distance,  which,  as  will  be  remembered,  is 
known  as  at  the  punccum  proximum,  or  point  of  [uaximum  convergence, 
is  to  be  registered.  The  punctuin  remntum,  or  point  of  minimum  con- 
vergence, is  obtained  by  having  the  patient,  after  being  corrected  in  some 
cases,  fix  his  vision  upon  a  small  distant  fiame,  whilst  prisms,  with 
their  edges  placed  outwardly,  are  successively  tried  until  double  vision 
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is  minplaineil  «f.  The  ilifTerence  of  atrengtli  i)f  prisms  expressed  in 
meter  angles,  which  c»n  he  remdily  obiaine'I,  as  ha5  been  explained,  with 
P.  D.  and  Cr..  on  page  160.  will  give  tlio  power  of  convergence. 

Ae  an  interesting  subjective  exposition  of  the  power  and  region  of 
accommodntiou  (or  even  of  the  variety  of  ametropia  when  thus  applied 
by  appropriate  apparutuj^,  as  in  the  clinical  te-Rt  pro|)ustMl  b,v  Thonifwui, 
(icACribcd  later  on)  Scheincr'a  experiment  dcservej*  brief  mention  here. 
The  eye  to  be  examined  iibould  have  a  large  opaij^ue  disk  placed  before 
it,  in  which  two  pin-hulus,  about  one  millimeter  apart,  liHve  been  made. 
By  holding  these  holes  horizonlally  before  the  eye  to  be  examined,  and 
having  the  patient  look  through  ihem  at  a  vertically  placed  needle  some 
few  centimeters  away,  the  necJIo  will,  when  iiccaratcly  focussed  upon, 
uppeur  single.  If  the  eye  gaze  al  a  distHnce  beyond  the  needle,  the 
needle- image  will  appear  double,  and  if  at  thiK  time  one  hole  be  blocked 
out,  the  image  oppoi^ite  to  the  Mocked-out  hole  will  disappear.  The 
same  thing  occurs,  if  a  shorter  focus  than  that  necessary  to  sec  the 
needle  sharply,  and  hence  greater  accommodative  effort,  be  made,  except, 
that  here,  the  disappeuriug  image  correeponds  in  position  wilii  t]i:tt  of 
the  hole  blocketl  out.  In  other  word^,  the  region  of  accommndaiion, 
and  hence,  indirectly,  the  power  of  accommodation,  is  determined  by 
the  distance  between  the  liirtheat  point  of  singleness  of  image  and  the 
nearest  point 

A  modification  of  the  reversal  method  of  the  fundus-refle.x  test,  m 
spoken  of  in  the  specinl  chapter  on  that  subject^  may  alao  be  u-seful  as 
an  objective  test  amon^t  the  illiterate  and  demented.  The  points  of 
reveraal  of  the  retlex,  aa  a  plane  mirror  \h  inaile  to  graduallv  approach 
the  patient's  eye,  gives  an  excellent  guide  aa  to  powtion  of  the  gitatest 
and  least  accommodative  actioni^. 

Having  obtained  the  acuity  of  vision,  the  power  and  region  of 
accommodation,  and  the  power  of  convergence,  when  desired,  the  <ution 
of  the  fxtra-in'ttlar  ma»cle»  is  next  tu  be  tested.  Generally,  it  will 
be  necesiiary  to  employ  several  of  the  methods.  By  far  the  most  com- 
mon error,  especially  in  cases  of  ametropia,  is  a  condition  known  as 
exophoria  (a  tendency  to  external  deviation).  As  elsewhere  emted, 
muscle  deviations  may  be  of  two  varieties  :  the  one,  the  result  of  paresis 
or  lessening  nf  action,  which  allows  a  normal  or  preponderant  opponent 
to  drug  the  eye  away  from  the  enervated  side ;  and  the  other,  a  pre- 
ponderance of  action  of  an  opposing  muscle  over  the  noroial  or  weak- 
ened [lower  of  a  mrisele.  also  causing  a  deviation  of  the  eye  from  the 
relatively  weaker  side ;  the  latter  of  these  two  varieties,  i.  •'.,  the 
increased  action  of  the  opponent,  being  subdivided  into  that  amount  of 
error  which  is  manifest,  and  that  amount  which  is  latent ;  the  two  added 
together,  constituting  the  total  amount  of  disturbance.  Frequently  in 
such  cases,  as  pointed  out  by  .Stevens,  the  facial  expression  may  give  a 
clue  to  the  existence  and  the  variety  of  the  muscle  disturbance. 

Clinically,  the  first  plan  to  be  employed  in  the  estimation  of  the 
degree  of  these  deviations,  should  be  adopted  when  the  acts  of  ae^com- 
modation  and  convergence  practically  oea«t'  to  bo  brought  into  play — 
a  study  of  the  musclf-bahiuci.',  hh  it  were,  whi-n  tbi'se  structures  are  the 
least  employed,  thu>t  allowing  a  study  to  be  made  which  is  of  equivalent 
value  to  the  determination  of  those  finer  errors  of  astigmatism  that  are 
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&BUghl  with  so  much  discomfort  to  the  uDcorrcctcd  patieul ;  a  study 
ttiat  cannot  fail,  if  properly  made,  to  expose  llioee  alight  latent  dia- 
turbsncev  whicli  are  so  aggravated  when  the  eyes  are  brouglii  iato 
combined  action. 

If  at  all  pronounocd,  there  is  a  very  simple,  though  extremely  coarse, 
way  of  makin):  these  deviations  apparent.  It  can  be  readily  understood 
that  if  the  eye  can  be  placetl  in  a  position  whore  it  h  pmctically  not 
used,  and  yet  can  be  observed,  there  is,  by  reason  of  its  muscles  falling 
into  their  normal  bahince  during  Huuh  a  time,  a  rfadv  means  of  deter- 
mining the  degree  of  any  tniiMnlar  disturbance  or  want  of  balance. 
One  of  the  easiest  and  quickest  plans  to  accomplish  this,  is,  to  place  the 
patient  in  a  dark  room  n(  five  or  six  meters'  distance  from  a  dimly* 
lighted  ga«>jet  ur  a  taper  light.  Being  sure  that  the  eyes  are  situnleil  as 
nearly  as  possible  upon  the  i^ame  level  as  the  light,  and  ^teeing  tliac  he 
squarely  faces  it,  a  ^ve-  or  ten-degree  pri.4m,  or,  better,  an  equivalent 
prism  diopter  or  oentrad,  with  itA  baHe  placed  vertically,  is  to  be  slipped 
in  the  left  side  of  a  test-frame  and  the  frame  is  to  be  placed  before  the 
patient's  eyes.  Having  him  gate  at  the  light  with  both  eyes  open,  he 
will  probably  assert  that  there  are  two  lights,  the  one  clpar  and  hri^'ht 
and  remaining  stationary,  the  other,  poaaibly,  jtoniewhat  dim  and  swing- 
ing  from  aide  to  side  at  a  lower  or  a  higher  level.  If  the  priam  a 
placed  haw  up.  the  false  light  will  be  upon  a  lower  level.  If  the  Iwise 
of  the  prism  be  placed  down,  the  false  image  will  be  upon  a  higher  level, 
hould  there  be  doubt  as  to  which  is  the  ^Uae  image,  a  red  glass 
Id  be  placcil  before  the  right  eye,  and,  as  its  light  will  be  Tnade 
reddish,  the  differeniiatinn  Itecoiiies  easier.  The  patient  is  next  t*j  be 
asked  whether  the  false  light  is  to  the  right  or  to  the  lef^  of  the  true 
one.  If  he  says  that  It  is  to  the  right,  then  he  has  what  Is  known  as 
keteront/moag  di^tlopia  :  that  is,  the  muscle-balance  of  the  two  eyes  is 
BA  anequiil  thai  when  binocular  vision  is  broken,  and  nimultaneous,  yet 
separate  vision  with  the  two  eyes  is  secured  by  nieaTitt  of  the  prism,  the 
images  of  the  two  eyes  are  on  opposite  flide^  demon.itratin^  that  he 
has  either  a  weakness  of  the  internal  rectus  of  the  lefi  eye  or  a  spasm 
of  the  external  rectus  of  tlie  ng\\t  eye.  The  amount  of  these  con- 
ditions can  be  readily  found  by  either  substituting  stronger  and  stronger 
prisms,  with  their  bases  in,  before  the  right  eye.  or  by  employing 
stronger  and  strongM"  prisma,  with  their  bases  out,  hefnVe  the  left  eye, 
until  the  two  images  are  liiade  to  appear  upon  the  same  vertical  tine. 
In  some  instances^  the  tes^]ight  may  be  advantageously  placed  imme- 
diately in  front  of  a  card  so  ganged  by  a  series  of  properly  separated 
marks  indicative  of  the  degrees  of  deviation  at  the  distance  employed, 
that  the  patient  can  read  at  a  glance  the  character  and  the  amount  of 
deviation  by  mcBtia  of  the  malpuisiiion  uf  the  false  image  in  fivnt  of 
the  gange.  Of  ooorse,  however,  as  above  nieniioned,  if  such  a  gauge 
be  osed,  the  width  of  degree  of  separation  roust  either  be  modifie<l  or 
calculated  for  every  difference  of  distance  from  the  eyes  at  which  it  is 
employed.  After  the  horizontal  deviation  has  been  determined,  the 
experiment  may  be  repeatci  with  a  prism  of  nuHicient  power,  with  its 
base  placei)  directly  in,  to  produce  a  doubling  of  the  dot  oti  a  horiitontal 
line.  \f  orthophoria,  or  pcrfrct  binocular  equilibrium,  in  that  meridian 
exist,  the  two  lights  will  be  situateil  upon  the  same  line.     If  hyper- 
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phoria.  or  tendency  for  upward  deviation  of  tbe  visaiil  line  of  one  eje, 
DC  present,  there  will  be  a  vertical  deviation. 

If  fui-tlier  inequality  in  the  extra-ocular  muscle  innervation  be  gns- 

(lecced,  i^oine  modification  of  one  or  more  of  tlie  following  plans  must 
te  made  use  of.  As  a  small,  but  certain  amount  of  trgaphnria.  or  ten- 
dency toward  increase  of  internal  lateral  deviation,  for  distance,  is 
found  in  nearly  every  pair  of  hypennetropic  eyes,  tliia  uiu.st  be  noted, 
and  not  assumed  aa  normal  in  any  case,  because  In  most  instances  it 
beeouies  less  apparent,  leas  changeable,  and  less  frequent,  afier  careful 
correction  of  the  refractive  error.  So,  too,  with  the  constantly  chang- 
ing, though  nearly  always  evident,  exophoria,  or  tendency  towanl  in- 
crease of  external  lateral  deviiition,  recognizeii  during  near-work,  the 
rule  is,  that  the  better  the  correction  of  the  optical  error,  the  !e*i  liability 
there  seems  to  be  to  its  recurrence. 

Ofien  in  the  minor  and  latent  forms  of  deviation,  where  this  rough 
form  uf  ex]>erimenlutioii  faiU  to  reveal  any  disturbance  of  equilibriam, 
it  may  hv  poswihle  to  decide  by  subjective  evidence  alone,  without 
recourse  to  any  apparatus,  wtietn^r  there  is  enervation  or  increased 
tension,  by  having  the  patient  assert  whilst  he  alternately  gazes  at  tb« 
light,  whether  there  is  movement  of  the  light  in  any  special  direction. 
Of  coui-se,  no  absolute  reliance  can  be  placed  upon  this  test  alone.  It 
should  bo  used  only  in  eonjunetion  with  the  otliers  Duane  terme  it 
the  parallax  f««C,  and  .says  that  he  has  foitnd  it  a  most  delicate  index 
ol  tbe  character  of  diKturbed  muscle-balance.  To  gauge  the  amount 
of  enervation  or  Hpasm,  he  auperiraposes  correcting  prisma  before  the 
eyes  until  the  objects  alternately  looked  at  remain  stationary  and  fixed. 

Again,  in  some  cases  of  high  heterophoria.  or  imperfect  binocular 
equilibrium,  the  mere  placing  of  a  plam  rwl  glass  before  one  eye  will 
be  sufliciunt  t^o  Ui  coutraat  the  two  images  of  a  light,  that  a  correctible 
degree  of  diplopia  will  be  announced.  Moreover,  it  may  be  soroctimee 
noticed  that  when  tbe  prism  k  omitted,  and  a  red  glass  placed  before  the 
eye  for  better  differentiatiou,  a  horizontal  diplopia  may  be  reiulily  and 
often  unconsciously  obtained  by  tbe  patient ;  this  doubling  of  the  test- 
object  being  easily  estimated  in  the  usual  way.  Less  frequently,  a  ver- 
tical diplopia  or  even  un  oblique  position  of  tbe  two  images  is  superadded 
to  the  horisontal  deviation — conditions  that  may  be  accurately  determined 
by  the  superposition  of  prisms  which  will  correct  the  faulty  meridian. 

The<ie  methods,  of  counie,  are  auhjcct  ta  mimy  dinad vantages,  which 
have  induced  various  writers  to  employ  other  plans.  One  of  the  beat 
and  most  favorably  known  methods,  is.  that  by  Maddox'i^  ingenious 
glass-rod  test,  wbicfi  in  its  perfected  form,  consists  of  a  short  cylinder  of 
(ransparent  glass,  about  n  quarter  of  an  Inch  (or,  better,  about  an  eighth 
of  an  inch)  thick,  fitted  into  a  linear  opening  made  in  a  disk  of  metal  of 
the  same  size  as  an  ordinary  test-lens,,  thus  forming  a  contrivance  which 
can  he  placed  in  a  te^t-lens  frame  so  as  to  revolve  tlie  glatvi  cylinder  into 
any  desired  position  before  thf  eye  without  allowing  any  extraneous  light 
to  enter  the  pupil.  The  principle  of  the  test  depends  upon  the  projierty 
of  transparent  cylinders,  which  are  nothing  but  a  combined  series  of 
prisma,  to  produce  an  apparent  lengthening  of  anything  seen  through 
thorn,  so  that,  for  Instance,  witli  such  a  rod  placed  betore  one  eye,  a 
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smull  disunt  Bame  will  appear  cnnverted  into  a  long,  thin  line  of  Hglit. 
In  oth*r  words,  it  te»ta  tlie  latent  deviation  of  t;xtru-QCul»r  muscle  by 
the  alteration  in  the  shape  and  tlie  relative  position  oi  the  two  images.  In 
tCAting,  if  the  other  e^e  views  the  flame  a-t  the  same  time,  it  is  more  or 
less  property  aaaerted  that  there  will  be  such  diasimilarity  betweea  the 
two  itnagea.  that  there  will  be  no  tendency  to  fuse  them,  and  conse- 
quently, if  the  impulse  for  fusion  be  lost,  each  set  of  eye-musclea  will  fall 
into  im  own  state  of  et|uilibriui:i,  and  efich  image  of  the  ilanie  will  be 
projected  into  its  own  true  position,  ihiw  allowing  prisms  to  be  placed 
at  Tariotu  angles  before  the  eyes,  until  the  centre  of  the  point  of  the 
flame  seen  with  the  one  eye  appears  to  he  situated  exactly  midway  in 
tbe  length  of  the  line  of  light,  when  the  auiouut  of  muscle-action 
necessary  to  give  binocular  equilibrium,  will  be  »iliown  by  one-half  the 
amount  of  the  correcting  prisma  used.  In  order  to  give  n  color-contrast 
between  the  two  images,  a  red  glass  may  be  used  before  the  fellow-eye. 


Pm.  III. 
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Commencing  with  the  glass  roil  pliiccd  in  a  horizontal  position,  and 
iving  the  patient  gaze  at  a  lighted  taper  or  gas-jet  about  a  fourth  of 
inch  in  diiimeter,  a  vertical  line  of  light  in  produced,  which,  if  it 
pnsses  llirough  the  flume,  shows  that  orthophoria  for  horizontal  move- 
ment? exists.  Thus  in  Fig.  141.  lateral  orthophoria  is  proven  by  the 
fact  that  the  candle  fiame  uud  the  vertical  line  of  light  exactly  coin- 
cide. If,  however,  the  line  of  light  be  separated  laterally  from  the 
flame,  there  is  either  esophoria  or  exophoria.  If  the  line  of  light  be 
situated  on  the  same  side  iis  the  flauie,  the  former  condition  exists, 
whildt  if  it  be  projected  on  the  oppodite  side,  the  latter  condition  is 
present.  The  amount  of  these  two  deviations  can  now  be  readily  tested 
by  horizontally  placol  prisms  wHth  their  bases  situated  outward  for 
e«opbona  and  inward  for  exophoria,  and  recorded,  with  a  note  to  which 
eye  it  belongs,  in  the  case-book. 

To  t<«t  for  the  presence  of  vertical  deviation,  the  rod  ia  to  be  rotated 
into  the  vertical  iKwition,  thus  producing  a  horizontal  line  of  light  npon 
which  the  flamo-area  as  seen  with  the  ot-lier  eye  will  be  situated,  if  there 
be  QD  vertical  displacement.  Thi>>  condition  is  plainly  manifest  in  Fig. 
142,     If,  however,  the  line  be  projected  above  or  below  the  flame-area, 
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there  is  hyperphoria  of  the  eye  which  sees  the  lower  image.  Id  order 
to  inensure  this  deviation,  the  prisms  are  em])Iojeil  with  their  bases 
vertically  pl(ice<i — base  dowo  if  the  line  be  above  the  flame,  and  bage 
up  if  it  bo  bolow  tlic  flume.  A  iH:alu  placed  just  behind  the  flame,  may 
be  useful  for  the  patient  to  ejntinmte  the  amount  of  dfviation. 

As  H  u»efut  modification  of  this  tet^t  for  the  detection  of  the  slight 
aiigiilur  deviations  so  often  found  in  tlie  various  meridiana,  liie  autbor, 
finding  thut  there  seems  to  be  little  or  no  inclination  to  fuse  a  light-red 
and  a  yellowish-red  line  of  U^fat.  bus  at  times  employed  to  sdvnDtage 
two  glass  rods,  one  of  which  has  been  made  red,  set  in  graduated 
metallic  disks,  at  the  stime  time.  At  times,  two  flames,  a  lateral  grouping 
of  cods,  or  un  rddiijuely  ground  rod  arourid  which,  iis  in  •Tncksoii's  tcel, 
a  prism  is  made  to  revolve,  may  he  advantiig«.-oU!»ly  u»cd. 

Lately,  Stevens  has  devised  another  method  for  the  contract  plan. 
His  contrivance  oonsista  of  a  small  aocurately-eentred  carved  spherical 
lens  of  thirteen  diopters"  slrengtli.  which  is  carefully  fittol  into  a  three- 
millimeter  opening  made  in  u  metal  ilisk  the  size  of  a  tesi-lens.  This, 
which  he  terms  a  stcnopific  spherical  lens,  being  properly  placed  before 
an  eye — which  retjuirea  care  and  some  patience — the  image  of  a  flame 
is  converted  into  a  large  disk  of  difliised  light,  in  the  centre  of  which 
the  utitransfoniied  image  of  the  flame  can  be  »een  with  the  other  eye. 
If  orthophoria  exists,  the  untransfornied  image  of  the  flame  will  be 
situated  in  the  centre  of  the  disk  of  light.  If  hcterophoria  be  present. 
the  uDtrausfurnLed  image  will  be  sittiated  excentrically  in  the  disk  of 
light.  Its  great  advantage  is  that,  by  its  use,  compouiiid  deviations  can 
be  instantly  detected. 

Stevens'  pliorometer,  especially  his  later  instrument  with  its  rotating 

Srisms.  is  an  excellent  contrivance  for  the  detection  and  &<<timfttion  at 
eterophoria.  By  accurately  adjusting  it  so  that  the  prisms  are  situated 
at  a  few  inches'  distance  from  the  patient's  eyes  (and  seeing  that  lits  cor- 
rection is  properly  placed,  when  confirmation  work  as  to  its  influence 
upon  muBclo- balance  is  desired),  the  muat  uHcful  and  accurate  data  cnn 
a,t  times  be  obtained.  Uisley's  in-itrumrnt,  too.  which  can  be  readily 
a(^usted  for  any  desired  distance,  h  a  most  convenient  iind  valuable 
form  of  apparatus. 

It  must  be  remembered  that  these  tests  should  be  repeated  at  what  Is 
known  as  the '''  chccapation  diBtanco,*'  t.  «.,  the  point  employed  by  the 
patient  during  ordinary  daily  work,  or  the  situBtion  ordinarily  used  for 
reading,  writing,  and  sewing,  because,  as  ha^  been  explained,  the  extra- 
ocular muscle  innervation  necessary  when  the  two  eyes  are  tixo<l  upon 
some  object  at  th&fle  points,  is  very  "different  from  that  which  is  required 
when  the  acts  of  accommodatioa  and  convergence  practically  cea^e  to 
he  brought  into  play.  In  fact,  during  distant  xdsion,  many  of  the 
muscular  deviations  here  found,  lessen  or  even  reverse  as  a  new  muscle- 
balance  comes  inu>  action.  Care  mnu  always  bo  taken,  in  the  noting 
of  these  latter  findings,  to  state  that  the  work  was  done  during  aocom- 
modation  and  ctmvergence. 

If  great  cure  be  taken  in  adjustment,  Maddox's  "  obtuse-angled 
prism'  — which  consists  of  two  three-degree  prisms,  placed  base  to  base 
so  as  to  give  an  angle  of  about  one  hundred  and  seventy-four  degrees. 
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thns  prodaciag  two  imagee  to  compare  with  tlie  single  one  of  the  fellow- 
eve — maj  be  tried  to  advantage  a»  an  additionnl  test.  If,  when  its 
ctrnibinet)  base  is  made  horizontal,  the  true  image  of  the  fellow-eje 
between  the  two  &hie  images  »cc>ii  through  the  prisms,  appears  to  one 
«de  of  an  imaginarj  vertical  line  drawn  between  the  two  false  images, 
then  there  is  a  definite  amount  of  lateral  deviation,  which  can  be  easily 
Mtimated  either  in  the  more  n^»a\  and  nimplc  way  of  substituting 
BlroDger  and  stronger  prisms  with  tlieir  bases  in  or  out  as  may  be,  untU 
the  three  images  arc  brought  on  »  straight  line,  or  by  the  more  diflivull 
phui  of  determining  the  deviation  by  the  lines  of  rotation  and  deflection 
prodneed  by  a  revolution  of  w)ine  prism  of  special  strength.  If  the 
base  be  made  vertical,  vertical  deviation  can  be  studied,  the  same  relative 
role  mpplying  to  any  other  meridian.  In  one  of  the  newest  forms  uf 
the  apparatus,  the  prisms  are  made  ot  red  glase,  so  aa  to  olTcr  bettor 
diflt^rentiation  betwen  the  true  and  the  false  images. 

For  the  purpose  of  detecting  the  want  of  equilibrium  of  the  oblique 
muscles,  Sai'age  has  modified  Maddox'a  prism  by  doubling  its  .strength. 

Flo.  us. 


BcliUveimdliaaior  I1ne«  of  liirht  In  wnntof  ^•inttlbrlnin  ofobllitiifi  musclM. 
lSllg1]IIy  inndincd  from  S*va(*k.) 

He  has  the  patient  loolc  through  the  bases  of  the  two  prisms  with  one 
eye  at  a  horizontal  line  situated  about  one-half  a  meter's  distance.  Of 
coarse,  as  wc  now  know,  chore  will  be  two  parallo]  horizontal  lines  seen. 
By  uncovering  the  naked  eye.  which  is  the  one  being  tested,  a  third 
line,  situated  between  the  twu,  will  make  its  uppearauce.  If  it  is  mid- 
way  parallel  with  the  others,  orthophoria  is  said  to  erisL  If,  however, 
it  he  obliqoety  placed,  the  oblique  muscles  are  inefBcient  in  their  action. 
Fig.  143,  with  the  initial  letters  of  the  faulty  muscle  placed  upon  them. 
represents  the  appearances  produced  by  the  underacting  muscles. 

Frequently,  especially  if  the  patient  complains  of  double  vision,  it  is 
possible  to  determine  the  present';  of  proper  action  by  simple  inspec- 
tion. One  eye  alone  will  be  found  to  Cx  when  a  teet-object  is  held  at 
reading  distance  upon  the  median  line,  whilst  itH  fellow  is  excluded 
from  fixation.  This  is  cnused  either  by  the  overtaxed  and  incompetent 
muscle  of  the  faulty  eye  permitting  the  antagonistic  muscle  to  drag  the 
eye  in  an  opposite  direction,  or  by  a  too  strong  and  hypertrophic 
muscle  overcomiuK  the  antagonist  and  carrying  the  organ  beyond  its 
proper  position.  This  test  can  he  accomplished  hy  having  the  patient 
gaie  at  the  finger-tip,  or  preferably,  at  the  fine  point  of  a  pencil  placed 
midway  between  his  two  eyes  at  the  position  he  generally  employs  for 
near  work,      flaring  done  this,  one  of   his  eyes   should  he  quickly 
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covered  with  the  surgeon's  uinLseii  hand.  Allowing  the  coverwl  eye  tff" 
reniftiii  excluded  from  vision  for  a  moment  or  two,  the  hand  is  lo  b9 
shiiied  so  as  to  cover  the  fixing  e;o.  when  it  will  be  found  that  the 
previoualjr  covered  eye  moves  in  to  fix  upon  the  unmoved  pencil-tip. 
nepeating  the  act  upon  the  opposite  side,  the  ^atiie  thing  is  found  to 
occur  to  the  fellow-eye.  In  other  wonls,  the  covered  eye  in  both  in- 
stances has  deviated  outwardly  whiUt  it  has  remained  unused  and  been 
excludeil  from  ligation,  showing,  for  instance,  that  in  their  normal 
DiuKcIe-balance  the  external  recti  muscles  have  hnd  a.  preponderant 
action.  As  the  experiment  has  been  partially  made  by  a  proceaa  of 
exclusion,  the  result  may  bo  noted  in  the  record-book  as  ■'  exophoria 
for  convergence  at ...  .  millimeters  in  exclusion."  If  there  t>e  no 
ap]mrent  deviation,  it  can  be  expreesed  by  the  term,  "orthophoria  for 
convergence  at  ...  .  milllmetcra  in  exclusion."  If  there  be  internal 
deviation,  the  expression  *'  esophoria  for  convergence  at ...  .  millime- 
ters in  exclusion  "  should  be  employed.  If  it  is  desired  to  ascertain 
roQglily  the  associated  muscle-balance  of  the  two  eyes  in  other  relative 
positions,  the  liiime  procedure  may  be  repeated  in  other  points  of  the 
combined  di^ld  of  vision,  ihnugli  in  every  instani^te  care  »houlii  be  taken 
in  the  noting  to  exprena,  as  nearly  as  pnst^ible,  the  «ituatioQ  and  the 
diatance  at  wliieh  the  experiment  has  been  tried. 

If  the  case  be  one  of  paralysis,  it  will  be  noticed  that  the  movement 
of  the  sound  eye  will  be  greater  in  proportion  than  that  of  the  one 
with  ihe  faulty  muscle,  this  being  caused  by  the  muscle  of  the  sound 
eye  accomplishing  more  work  with  the  same  nerve-impulse  than  the 
fellow.  If  there  is  binocular  fixation  at  this  point,  the  piitieiit,  without 
moving  his  heail,  should  follow  the  surgeon's  upraised  pencil-tip  a,s  it  is 
moved  in  till  directions  in  a  plane  before  his  eyes.  Oomtnencing  at  the 
median  line,  it  should  be  ciLrried  up.  down,  to  the  right,  and  to  the  lefl, 
whilst  the  surgeon  watches  carefully  'o  see  if  either  eye  lags  during  the 
exeursionti.  In  many  instances,  it  is  a  good  plan  to  have  the  frntient  at 
the  some  time  help  by  stating  the  moment  that  the  pencil-tip  appears 
doubled.  This  examination  should  be  repeatetl  at  the  quarter  angles, 
and,  lastly,  the  internal  recti  should  be  made  to  act  simultaneously  by 
bringing  the  pencil-tip  directly  in,  a  little  below  or  a.long  the  metlian 
line,  toward  the  patient's  face.  Constant  repetition  of  the  proceilure 
will  soon  make  the  student  sufficiently  adept  to  determine  quickly 
which  are  the  faulty  muscles.  Curiously,  in  some  of  these  cas«8, 
especially  where  there  is  ihc  faintest  indication  of  extra-ocular  |)aresis — 
as,  for  instance,  in  the  second  stage  of  general  pftratyais  of  the  insane, 
where  motor  enervations  are  just  beginning  to  manitest  ihem-Helvi*! ;  or 
in  posterior  spinal  sclerosis,  where  the  atiixic  symptoms  are  jnst  appear- 
ing— it  will  be  found  that  the  moment  the  muscle  is  made  to  return 
from  it«  utmost  limitation  of  excursion  (it«  utmost  tension),  there  are  a 
series  of  to-and-fro  movements,  each  one  lessening  in  degree. 

From  what  has  been  learned  in  the  chapter  on  Physiology,  it  will  be 
understood  that  there  is  n  vast  difference  in  the  strength  and  ftccion  of 
the  extra-oculiir  muscles,  ^o  thnt  should  an  equal  amount  of  loss  of 
power  bo  exporienood  by  them,  the  visible  results  wouhL  appear  at  total 
variance.     Recognizing  this  fact,  certain  empirical  ratios  can  he  made 
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as*  of  to  govern  the  amount  of  muscle-action  in  e«ch  instance.  Those 
are  to  be  emplayecl  ae  bases  upon  whicli  to  rormuliite  whether  there  is 
deficiency  or  overiction ;  the  depjirtiires  from  those  (cxpreeBcrf  in 
dfigrees,  prism  liiopters,  or  centratU)  constituting  the  anewenj  to  the 
unonnt  of  error.  As  a  guide,  it  should  be  remembered  th»t  the  internal 
rectus  muscles  are  the  strongest,  requiring  a  counteracting  power  of 
ihirij  lo  liftv  degrees  or  uiorf  to  overcome  thoir  action  ;  followed  by 
the  eiiernal  recti  with  al)0ut  ei^ht  (lc^rce»:  whilst  the  sujierior  and 
inferior  rectus  muscles  c«n  overcome  onlv  about  three  or  four  degrees 
each,  respectively.  Employing  these  ratios,  they  can  be  made  UKe  of  in 
any  of  the  more  couimoD  methods  of  prism -testing  until  the  degree  of 
muscle- balance  in  the  various  meridians  is  obtained :  this  done,  the 
amount  of  strength  for  each  muscle  can  be  registered ;  each  special 
amount  and  the  iLvemge  proportiuii  obtained,  at  oncv  demonstrating  to 
a  greater  or  less  degree  in  what  grouping  ilif  fault  resides.  Thus,  for 
inatance,  if  the  internus  withstands  forty  centmiLs  of  strength,  "  adduc- 
tion =  40  cr."  can  be  writlen.  If  the  extenms  holds  out  against  eight 
prism  diopters,  •'  abduction  :^8  P.  D.  "  can  be  stated;  and,  if  the 
saperior  and  inferior  recti  require  four  degrees,  "  suraumduction  =  4'^" 
can  be  noted. 

One  of  the  best  plans,  knowing  that  the  muscle  normally  over- 
oomes  a  certain  number  of  degrees,  prism  diopters,  or  centrads  uf  pris- 
matic action,  is  to  place  prism  after  prism  with  ilM  apex  jMiintlng  toward 
the  muscle  until  double  virion  is  complained  of;  the  dinerence  between 
this  ratio  and  the  normal  one  will  give  tlie  amount  of  want  of  muscle- 
tone.  Repeating  the  same  procedure  wirh  the  fellow-eye,  the  compar- 
ative relation  between  the  two  musclct'  becomes  established.  Km-h  of 
tbe  other  straight  muscles  con  be  estimated  in  the  same  manner,  and 
their  power  noted.  Further  information  as  to  the  comparative  in- 
equality of  innervation  and  action  of  alm-wt  any  grouping  of  pliysio- 
logicaDy  related  extra-ffcolar  muscles  may  be  thus  obtained,  which  is 
n^  only  of  value  for  the  actual  series  tested,  but  often  affords  distinctive 
signs  of  ine<}uality  of  condition  nud  work  in  other  groupings.  Thus. 
not  only  does  the  horizontally  pluced  prism  (which  the  author  daily 
eiDploys  in  his  clinical  procedures)  »how  the  balance  of  the  lateral 
muscles,  but,  as  prcvionsly  noted,  it  often  makeH  manifest  an  error  of  dis- 
placement of  image  Jn  the  vertical  meridian  by  the  fact  that  the  double 
images  are  upon  a  different  level,  which  error  can  be  reaiiily  correcteil 
by  a  guperimposed  prism  with  il«  bssc  vertically  placed.  In  fact,  as 
before  explaiocd,  this  example  is  a  mere  repetition  in  a  converse  way 
of  the  plan  in  which  a  horizontal  deviation  is  made  evident  by  an  arti- 
ficially produced  vertical  dJsptiiuemunt. 

In  all  the.fe  stmlie-S,  it  shruild  nut  be  forgotten  lliiit  errors  of  refruction, 
especially  where  there  is  a-Stigmatiwiu,  play  important  rrdes  in  extra- 
ocular muscle  innervation  and  balance,  so  that  all  optical  error  should 
be  carefully  expunged  before  attempting  to  estimate  correctly  extra- 
ocular muscle-disturbance. 

Briefly,  then,  no  one  test  can  be  depended  upim.  tjich  case  rcrjuires 
special  combinations  of  procedures,  which  are  lo  be  discontinued  only 
when  the  reaults  seem   to  be  certain  and  unvarying.     On  account  of 
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variations  Jd  answer  by  reason  of  M)me  peculiarity  of  instrumentat  pre- 
cision or  technique,  control  teats  of  all  kinds,  acconling  to  the  ingenuity 
of  the  observer,  sre  necessary,  and  each  plan  should  be  repealed  suffi- 
ciently oUcn  to  give  an  unequivocal  answer.  The  student  should  not, 
on  ftct^otint  of  any  presupposed  ntio  or  law,  imagine  that  the  condition 
is  limited  to  any  certain  vharacter  of  ametropia.  He  cliould  remember, 
as  has  been  frequently  explained,  thiit  ii  may  t>e  but  one  of  the  visible 
expressions  of  general  nerve  debility.  He  must  seurch  for  it  in  all 
cases.  He  should  estimate  it  in  every  instance  where  found,  and 
consider  it  in  every  ocular  disturbance  which  seems  to  demand  its 
correction. 

The  subjective  method  for  the  detection  of  the  area  of  the  field  of 
fixation  is  as  followsn :  The  patient  being  placed  in  the  ordinary  position 
before  a  perimeter,  a  short  test-word — the  same  that  is  used  in  deter- 
mining the  amount  and  range  of  accoramodntion — is  piaced  upon  the 
"traveller"  of  the  instrument.  The  tjuadranl  is  rotateid  to  the  outside 
Hnd  the  "  trHvclJer  "  is  puslied  as  far  peri pli orally  as  possible.  Having 
made  the  patient  look  toward  the  t^miponil  side  as  far  as  he  is  able  with- 
out moving  Win  tiend  in  the  least,  the  surgeon  should  tslowly  move  the 
"tmvelfer,"  with  the  test-word,  in  towftrd  the  centre  of  the  perimeter. 
As  soon  as  the  patient  can  read  the  word  properly,  the  surgeon  should 
stop  the  "  traveller."  and  register  the  distance  from  the  centre  of  the 
insiniment.  lly  pursning  this  pkn  with  different  words  in  a  number 
of  [vudiliuUK  around  the  circle  of  movement  of  tlit;  c|uadnuit,  a  number  of 
poinus  .shall  have  been  obtained  wtiich  may  he  connected  by  lines,  thus 
giving  an  area  in  which  macular  vision  may  be  accomplished  without 
movement  of  the  head. 

An  example  of  this,  the  so-called  angular  method,  is  shown  in  Fig. 
144,  where  the  eye,  l.  placed  btifme  the  perimeter  arc,  A  A,  has  ro- 
tated inward  so  as  only  to  allow  the  image  of  the  object,  n,  to  fall  upon 
the  centre  of  the  comeii,  should  it  be  situated  at  thirty  degrees*  distance 
from  the  original  point  uf  tixation  at  x.  By  repeating  the  procedure 
in  every  direction,  and  connecting  the  obtained  points  with  one  another, 
the  surgeon  shall  have  a  fair  idea  of  the  field  of  fixation. 

If  desired,  the  arc  of  the  instrument  may  ho  so  constructed  that  the 
patient's  eye  is  placed  at  the  proper  dislanee  to  give  exact  centrad 
deviations  to  any  su|.>enmpotiied  centrad  prism.  Or,  if  linear  measure- 
ments at  the  meter  plane  or  any  of  its  multiples  be  desired,  these  can 
be  readily  made  with  ordinary  prism  diopters  at  the  proper  distances. 
In  fact,  any  method  of  tangents  can  be  used.  By  these  methods,  the 
surgeon  may  succeed  in  rwognixing  either  muscular  paresis  or  mechan- 
ical inability  to  full  muscle  action,  by  a  limitation  of  the  excui-sion  of 
the  visual  line.  Tonic  spasm  or  true  hypertrophy  of  muscle -tissue, 
with  or  without  undue  capsular  thickening,  may  be  partiallv  determined 
by  the  increase  of  the  arc  upon  the  r^undrant  over  which  the  movement 
takes  pluce. 

Advantage  may  also  be  taken,  as  the  author  has  fre({uently  done, 
especially  among  the  illiterate,  the  young,  and  the  demented,  of  the 
compamtive  positions  of  the  small  bright  reflex  on  the  cornea  when 
both  eyes  of  the  patient,  who  has  been  placed  at  some  sixty  to  seventy- 
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five  centimeters'  distance,  are  alternately  gazed  at  through  the  hole  of 
an  ophthalmoscopic  mirror,  whilst  he  is  made  to  gaze  steadfastly  either 
into  the  aperture  of  the  instrument,  or,  better,  at  the  forehead  of  the 
observer.  A  little  practice  showing  the  relative  symmetrical  and  asym- 
metrical placings  of  the  little  reflexes  both  during  definite  fixation  and 
comparative  movement  of  the  eyes,  will  soon  determine,  in  many  in- 
stances, whether  there  is  any  deviation  or  not. 

Fio.  IM. 


Field  of  fiUtlOtl.     (JULER). 

Stndy  of  the  relative  situations  upon  the  comese  of  the  reflexes  thrown 
from  a  small  light  held  before  the  eyes,  may  also  be  employed  as  a  rough- 
and-ready  test 

By  employing  some  one  or  more  of  these  plans  in  various  positions 
and  during  difierent  combinations  of  physiological  muscle-groupings, 
pareses  and  paralyses  may  often  be  readily  estimated  and  differentiated 
from  hypertrophies  and  spasmodic  actions. 

The  student  should  next  turn  his  attention  to  the  condition  of  the 
pupils  and  the  action  of  the  irides.  The  patient  is  to  be  seated  in  front 
of  the  snrgeon  before  a  large  window,  and  the  patient  should  be  made 
to  look  just  over  the  top  of  the  surgeon's  head.  Observation  is  then  to 
be  made  whether  there  are  any  peculiarities  of  iris  structure.  Careful 
notes  as  to  the  color  are  to  be  obtained,  remembering  that  it  is  almost 
always  very  little  pigmented  in  early  infancy.     Sequelse  of  past  inflam- 
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motion  .should  be  looke<l  for.  The  shape  of  tlin  pujiiln  tihouIO  bv  ex~ 
ftxnincd  bnth  in  i^eparnted  and  coiahinrd  exposure,  and  tnea-turc  of  their 
apparent  horizonUil  diameters,  which  ordinarily  range  from  three  and  a 
half  to  four  millimeters,  should  be  londe  both  monoculnrly  and  binucu- 
larly.  To  do  this  roughly,  one  of  the  many  gauges  or  a  millimeter  measure 
may  be  empioyed.  cure  being  taken  lo  state  thecliuraeter  of  tighl-sliiuulua 
under  which  iIjc  conditions  are  studied.  All  direct  light-stimulus  should 
be  exclude*!  from  both  llieeyfs,  by  holding  the  Hal  pjiri  of  the  hand?  in 
front  of  them  :  thin  mi  ill  cauHe  a  paruai  dilauiliim  of  the  paiient's  pupils. 
By  quickly  removing  one  hand  and  watrlitng  the  contractile  movements, 
repeating  this  several  times  until  fairly  sure  of  the  extent  of  the  exrar- 
aion.  the  pupillary  chnnges  may,  ns  a  rule,  be  easily  seen.  The  surgeon 
riiould  do  the  same  ihmg  before  the  irie  of  the  opposite  side,  by  re- 
placittg  hia  hand  beforo  this  eye,  and  carefully  noting  whether  there  is 
any  discrepancy  between  the  actions  ot  the  two  irides.  He  should 
pursue  the  same  procedure  during  simultaneous  exposuru,  and  record 
the  resulta.  By  this,  he  will  have  determined  in  a  meawiirc  the  con- 
dition of  tiie  reilex-arc  controlling  monocular  and  binocular  iri*-respon» 
to  light-stimulus.  A  good  plan  to  observe  the  action  of  the  irides  to  light- 
Btitnulua  thrown  from  various  parts  of  the  visual  field,  is  to  place  the  patient 
in  a  Jurk  room  and  to  throw  narrow  beams  of  light  from  an  ophthalmo- 
scopic mirror  held  in  dtfftrrent  pnsitiniw.  CoitinicTieing  with  the  vpnical 
meridian,  the  light  i»  to  !]<>  thrown  into  tlif  pupil  consecutively  from 
numerous  points  throughout  the  entire  periphery  of  the  Jield  of  visiou. 
This  will  not  only  serve  to  show  whether  the  reflex  is  good  thrmigboai 
the  field  of  vision,  but  in  some  instances  may  be  useful  as  a  rough 
guide,  especially  nt  the  bedside,  nm  to  the  extctit  of  the  field  of  vision. 

The  student  sbould  next  study  the  action  of  the  iride«  to  accommo- 
dative effort  with  and  witlumt  (.'onvergenoe.  Tlii^  is  donebv  the  surgeon 
asking  the  patient  to  fix  upon  a  small  object  held  at  reading  distance 
before  one  eye.  whilst  the  other  eye  is  excluded  by  covering  it  with  his 
unuseil  hand.  As  we  have  learned  in  the  chapter  on  Physiology,  the  pupil 
becomes  contracted  the  moment  accommodative  effort  is  brought  into 
pUv.  The  surgeon  should  notice  wery  carefully  the  amount  of  contraction, 
and  compare  it  with  that  of  the  opposite  eye.  After  this  is  done,  both  eyea 
are  to  be  exnooed  to  the  object  held  at  the  same  dintance,  but  now  on 
the  median  line,  und  observation  made  whether  boih  pupiltv  contract  to 
the  same  size  before  they  fall  into  their  permaneni  size  for  the  point 
cho«en.  It  is  of  interest,  and  aI»o  of  value,  to  note  the  wries  of  sec- 
ondary excursioDS  made  by  the  iridcs  after  they  have  receiveil  and 
obeyed  their  first  impulse  to  contraction.  In  quite  a  uumber  of  neuroses, 
especially  of  the  degencniti%'e  type,  the  secondary  i-e8ponaes  vary  con- 
siderably and  behave  quite  differently. 

So  far,  the  student  has  not  touched  the  eyes  ;  he  bos  done  nothing  to 
irritate  them  by  handling.  In  the  case  of  fretful  and  irritable  clnldren, 
mndi  information  am  be  obtained  whilst  attractiog  the  little  patient's 
attention  to  some  gaudy  or  bright  nbjecl  held  or  dangled  before  it.s  eyes. 
Nothing  has  been  done  to  alarm  the  patient;  the  examination  has.  as 
it  were,  been  made  at  a  distance.  The  surgeon  should  now  proceed  to 
make  a  moMt  careful  examination  of  the  exterior  ot  tlie  organs.     He 
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should  Ke  if  tbe  eyeballs  are  promitieitt  or  sunken,  which  m&y  be  fnirly 
well  gauged  by  the  amount  of  SLrlerolic  expQsed  to  view.  Notice  must 
fa«  tAKen  if  there  are  any  mulforniHtions,  peculiarities,  or  changes.  He 
should  cotupxre  the  condition  of  one  eye  with  thnt  of  the  other,  and 
make  note  of  it  in  the  rccorl.  Pressure  upon  the  skin  over  the  lacry- 
mal  8Jic«  and  lower  canrtlicuti  should  \k  e.terci»«"J,  an-i  careful  watch 
inudt!  whetJier  any  mucfiid  materifil  or  ipjirs  c:in  be  expresded  from  tlie 
punctM.  He  simiild  sluily  tlie  coniitlinn  of  the  free  borders  of  the  lids, 
the  state  of  the  cilia,  and  the  exact  situation  of  the  puncta.  He  is  to 
look  at  the  corneal  Itmbus,  and  see  whether  fatty  degeneration  has  taken 
plac«  and  produced  »  ring  of  opatjue  tissue,  In  subjects,  eBpeeially  the 
old.  in  whom  there  ia  any  suspicion  of  glaucoma,  additional  evidonoe 
may  he  obtained  by  meaaiiring  llic  horiitotita]  nieriilian  of  the  cornea, 
which  is  said  lu  be  diruinislied  in  those  wlii>  are  prone  to  tlie  ihi-ease. 
This  can  be  quiclciy  and  lUirly  well  done  by  holding  a  millimeter 
m«a«ure  before  the  eye*  so  that  "the  ruled  edge  shall  be  situated  directly 
in  fronc  of  the  horiiontnl  meridian  of  the  cornea,  when  the  width  of 
the  portion  to  be  studied  can  be  readily  read  off.  Without  causing 
preaeure  upon  the  globes,  bv  shuuld  gently  raise  the  upper  lids;  ejire- 
fully  examine  the  e.i)njunctivii.  it^  condition  of  vaMcularity  :  and  look  for 
the  powible  presence  of  Hmall  phlyctenule,  etc.  If  there  be  marked 
Tasculor  congestion  and  injection,  he  is  to  study  their  character.  Note 
is  to  be  made  whether  the  finer  vesHels  brought  to  view  are  situated  in 
tlie  conjunctiva  or  are  more  deeply  placed.  To  do  this,  he  is  to  move 
his  fore6nger  lightly  over  the  conjunctival  membntne,  and  it  will  he 
found  that  il«  vexseh  glidu  with  every  inovuineiit  given  by  the  finger, 
whilst  the  deeper  epiwteral  twigs,  which  should  not  be  urdinarily  seen. 
remain  utationury.  Again,  the  remels  of  the  conjunctiva  appear  quite 
tortuous,  are  supcrfictal  and  bright  red,  And  are  more  nucoerous  in  the 
looser  and  more  peripheral  portion  of  the  membrane;  whereas  the 
episcleral  arteries — which  appear  as  very  minute  radiating  »[cni!«,  Mtid 
seem  to  be  limited  to  the  ciliary  region — have  more  of  u.  iiecided  pink 
sppoiranec.  Any  venous  engorgement  in  ihe  same  region,  of  course, 
ftppettrs  much  darker  and  denser.  Further,  be  must  remember  that 
small  sufierficial  twigs  encroaching  upon  the  c^nieal  liinbus,  or  extend- 
ing far  over  its  .inrface.  are  of  frequent  occurrence,  especially  in  local- 
iK'l  lesions  of  this  membrane. 

He  is  next  to  lightly  depress  the  lower  lids,  so  as  to  expose  the  sur- 
face of  the  inferior  portions  of  the  conjunctivtc.  In  order  to  better 
bring  the  inferior  cul-de-sac  into  full  view,  he  will  find  it  a  good  ]ilsn 
to  have  the  patient  look  upward.  Hcshould  now  pniceed  to  examine  the 
c'lujuuctival  surface  of  the  upper  hd.  .-\fter  a  little  practice  this  may 
be  readily  niT'niipliHhpd  by  first  fiaving  tlu*  patient  look  down,  and  then 
catching  hold  of  the  free  margin  of  the  lid  or  lasbeji  with  the  index 
finger  and  the  thumb  of  one  hand,  hold  the  lid  away  and  down 
from  the  eye,  When  this  is  done,  the  surgeon  is  to  place  either  the 
top  of  the  foreBngcr  or  the  thumb  of  the  other  hand,  or,  if  he  has 
become  sufficiently  ex|K!rt,  the  second  finger  of  tiR'  Kiime  liiind,  upon 
the  apper  lid  about  a  centimeter  above  the  [Miint  previously  held.  By 
now  quickly  and  gently  drawing  the  lid  down  and  nut  and  then  up, 
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anil  at  the  same  time  firmly  fixing  tlie  tipper  half  of  (he  lid  in  position 
by  the  finder  held  agairiKt  it,  the  iitferim-  pm'tioii  of  the  litl  niU  ahiiml 
immediately  evert  and  the  conjiinctivnl  ftiirfnRC  will  become  cxpoitnl  to 
view.  The  moment  this  i»  accomplislied,  the  patient  is  lo  l>e  retiue?te«l 
to  louk  uj)  with  his  oppoitite  eye ;  this  will  L-au.te  the  examined  eve 
to  look  up — a  mnna'uvre  that  will  fref|iienlly  ninke  the  ereried  lid 
remaiD  in  position  without  any  further  efiort  upon  the  surgeon's  \mn  to 
hold  it.  With  the  timid,  or  with  children,  he  may  find  it  desirable  to 
substitute  u  prolie  or  a  pencil  for  the  Hnger.  Where  the  cilia  have 
disappenred.  lut  in  many  cmen  of  chronic  granular  coiijiinctivitiH  and 
blepharitis,  lie  can  take  bold  of  the  lid  by  cutchinjj  the  entire  lid- 
tbickncss.  To  rlo  this,  he  should  slip  the  tip  of  the  thumb  directly 
beneath  the  lid  upon  its  conjunctival  surfiicc,  and  make  the  coaoicr- 

§r«8p  and  the  rest  of  the  procedui'e  in  the  usual  way.  Ordinarily,  tit 
lese  chronic  chmcs,  thh  will  give  hut  little  diHtsomfort.  Should  the 
palp4?hnil  fisAuro  be  very  much  shortened  and  the  eye  be  painful,  or. 
irom  Konie  other  loual  or  general  cauAe,  should  ordinary  manipulation  be 
impossible,  and  the  wise  be  sufficiently  urgent,  recoarae  must  be  had  to 
local  or  general  ansestbesia.  In  children  the  bromide  of  ethyl  is  an  ex- 
cellent agent  for  the  latter  purporto.  After  a  little  practice,  the  student 
will  find  himself  able  in  all  ordinary  caaos  to  evert  the  lid  with  one  hand 
alone,  using  his  right  hand  for  the  paitient's  le^  eye,  and  his  lel^  band 
for  his  right  eye.  Tn  do  this,  be  should  first  place  the  index  finger 
upon  the  lid  nnd  makes  slight  downward  and  backward  pressure.  Tie 
should  next  slip  the  thumb  under  the  ciliary  border,  when,  upon  making 
an  outward  and  forward  movement  with  the  thutnb  at  the  same  time 
that  the  index  finger  ii:  presiding  down  and  in,  the  lid  wilt  quickly  evert 
without  any  difficulty.  If  pain  be  oomplainetl  of,  a  few  drops  of  cocaine 
may  be  instilled  beneath  the  upper  lid.  Af^er  liaving  secured  the  lid  in 

the  desired  position,  it  ean  he  retained 
there  us  long  as  desired,  by  pressing 
down  instead  of  up  tipon  the  ciliary 
border,  na  shown  in  Fig.  145. 

Thirt  uiameuvre  gives  opportunity 
either  to  illuminate  or  tuagnify  any 
portion  that  the  surgeon  wishes,  by 
H  convex  lens  held  in  the  other  hand. 
During  the  entire  examination,  Uie 
pntient  must  be  made  to  face  the 
source  of  illumination.  Having  sue* 
cessfully  nccomplishod  rhe  procedure, 
it  only  remaiuH  for  the  8urget>u  to 
study  the  condition  tif  the  aurfiice, 
the  state  of  the  Meibomian  gUnds, 
the  cilia,  etc. 

Among  children,  especially  where 

[here    are    great  photophobin,    \iain, 

and  much  discharge,  it  is  an  excellent  plan  to  fix  the  child's  houd  firmly 

between  the  sureeon's  knees,  whilst  au  assistant  holds  the  child  on  bis 

lap.    Thift  should  be  done  in  every  case  in  which  it  may  be  found  neces- 
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tuy.  To  avoid  staining  the  clothes  with  nny  of  the  sohitions  orwujihes 
need,  m  towel  or  rubber  cloth  should  be  spread  upon  the  lop.  Tbe  per- 
son holding  the  child  should  ait  sideways  in  front  of  the  surgeon,  so  that 
the  bfvdy  of  the  patient  shall  rest  directly  across  hi»  thighs,  as  thia  will 
give  him  opimrtunitv  to  hold  the  little  patit^nt's  liandt)  with  mic  hand 
aod  cross  one  leg  »rrr  the  chihl's  legs  at  the  .sunie  lime,  if  neee^stiry, 
thus  leavine  his  other  hand  free  to  be  of  service  in  any  manipulation 
required,  uy  a  little  knuck.  the  student  will  soon  leuni  how  either  to 
expose  the  eye  or  cau»e  the  Vnh  to  evert  whilst  the  patient  is  in  this 
position.  To  accoinplish  the  foriiiLM*,  lie  should  ^et  tlio  tip  of  the  finger 
and  of  the  thumh  under  the  eiliary  border  before  he  atterapia  to  widely 
Bepvrate  the  lids.  To  expose  the  conjunctiva  alone,  a  (luicklj,'  repented, 
hterai  inoveiuunt  given  to  the  border  of  the  upper  lid  by  the  thumb  of 
one  hand,  whilst  the  index  finger  of  the  hand  with  which  be  intends  to 
bold  the  eye  is  placed  upon  the  lid  about  halfway  up  it^  surface,  wilt 
woo  Cfune  a  free  eversion.  The  lover  lid  can  likewise  he  caught  and 
held  in  position. 

To  expose  the  lower  palpebral  conjunctiva*  means  merely,  as  said 
before,  a  downward  movement  given  to  the  lower  lid.  If  the  surgeon 
6nds  hitDself  unable  to  expose  the  eye  by  his  fingers  aloue,  be  can  make 
ase  of  one  of  the  smaller-sized  lid-elevators.  He  is  not  to  miaconsiruc  the 
little  yellow-white  nodules  termed  pinguecula,  so  often  seen  beneath  the 
bulbar  conjunctiva  to  the  nasal  side  of  the  cornea,  and  not  infrequently 
complained  of.  as  something  serious.  He  should  take  careful  note  of  any 
apparent  clyinges  in  the  sclerotic,  reinembering  thnt  it  is  bluish  pearly- 
white  and  exceedingly  clear  in  youth,  whilst  in  old  age  it  may  be  nor- 
mally yetlowii^b  and  quite  translucent. 

"rtis  will  bring  us  to  /oral  illuniinaiwn,  which  method  of  exam- 
ination ha.''  also  received  the  names  of  "  ol'JitjHr  iltuminatwn '' and 
"lateral  illumination.' '  It  is  of  value  in  the  deieciion  of  changes 
that  may  have  taken  ploce  in  the  tissues  of  the  anterior  portion  of  the 
eye  and  its  accessories.  It  should  be  empluycd  in  all  cases  where 
involvement  of  this  [tart  of  the  organ  is  suspecteil.  In  fact,  it  is  so 
important  n  step  in  a  critical  study  of  anvca-ie  of  ocular  diseiiJte.  that  it 
is  a<lviitabte  to  include  it  in  every  ophthalmic  cxamiiiition.  Tliii*  cannot 
b«  loo  strongly  impresse^l  ujwn  the  student,  as  frequently,  by  recourse 
to  it,  he  will  be  rewarded  by  the  discovery  of  some  minute  change,  or 
some  delicate  yot  dangerous  disturbance,  the  overlooking  of  which 
might  lead  to  an  imperfect  and,  p*Thaps,  improper  diagnosis.  By  it, 
slight  inflammatory  conditions  of  the  conjunctiva  or  lids,  minute  opaci- 
ties or  faint  nebulse  Hilualeil  in  the  cornea,  small  superficial  uleors, 
particles  of  foreign  •tubstances  which  have  become  imbedde^l  in  the 
corneal  substance,  may  all  he  made  plainly  visible.  Where  the  areas  of 
denuded  cornea  are  extremely  small,  or  where  there  has  been  a  minute 
tear  or  break  in  the  epithelium,  the  exposed  portion  may  frei^uently  be 
made  more  plainly  recognizable  by  impregnating  the  corneal  subswnce 
with  a  drop  of  a  two  per  cent,  solution  of  either  the  stidium  or  potassium 
suit  of  Uuorescin.  This  is  done  by  allowing  a  single  rlrop  to  fall  upon 
be  corneal  surface,  foltowing  this  immediately  by  a  thorough  washing 
distilled  water,  when  the  exact  point  of  the  broken  surface  will 
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be  made  apparant  by  u  deep  grecniBh-ycllow  stain,  wliich  will  niiiititi 
visible  for  two  or  three  hours.  The  tiruf^  caiiimi  conjunctival  lesinns  to 
become  ^juite  yellow  in  tinl. 

Tliickenitig.  diecolomlioiis.  and  vnscnilapily  uP  iris-l issue,  shape  and  sixe 
of  pupil,  lymph-extravasation  into  tlio  pupillary  space,  plastic  exarla- 
tiona  utmched  either  to  the  posterior  surface  of  the  cornea  or  to  the 
anterior  capsule  of  ihc  lens,  wliidi  should  he  compared  wlih  the  cou- 
Jition  of  the  reliited  tissues  iu  the  fellow-eye,  can  all  be  seen.  Even 
the  fuinicttt  tnicc  of  diitturbmice  or  inHummiitory  changes  iti  the  Icne 
or  posterior  capsule,  morbid  growths,  detnchmentH,  blootl-  iind  lympb- 
eAusioiiB  into  the  anterior  portion  of  tlte  vitreous  chamber,  may  all  often 
be  brought  into  view. 

There  are  two  methorls,  either  of  which  may  be  employed,  as  circum* 
stances  permit.  The  first,  which  is  the  better,  consists  in  plncinj!  the 
patient  in  a  darkened  room  and  exposing  the  eye  to  direct  rays  received 
from  a  single  source  of  ttrtificiHl  light.  The  Oame  should  be  placed 
about  one  meter  in  front  iiinl  lo  tlie  outer  siile  of  the  eye  under  exam- 
ination. The  light  h  to  be  situated  on  a  higher  level  than  the  palieut's 
eye,  ao  as  to  avoid  any  shadows  that  may  be  cost  by  the  arm  and  body 
of  the  operator  whilst  lie  is  mnnipulating.  A  convex  spherical  lens  of 
fifteen  to  twenty  dloptei-s'  strength  is  neciled. 

The  student  shniihl  stand  in  front  of  the  piitieut's  opfwaite  side  and 
hold  the  lena  between  the  li^^ht  iind  the  eyo  nmlor  examination.  The 
letia  should  be  held  in  the  hiiiid  curresponding  to  the  eye  of  the  patient 
which  lA  not  b(>ing  examined,  and  at  a  little  more  than  it»  focal  length 
from  the  portion  of  the  organ  to  be  studie<].  By  this  means,  the  fociis- 
Bing-point  of  a  beam  of  concontrtitcd  artificial  tight  i»  made  to  fall  upon 
any  of  the  above-named  atnictun-s  and  to  play  over  them  to  any  requi- 
site extent  of  area  or  degree  of  iiiLertsity.  Ry  louking  haek  of  the  convex 
lens  and  fj;aEing  dtrc'iTtly  upon  the  illuminate<i  part^  he  riball  find  an  ares 
of  illumination  suri-ounded  by  a  more  or  le»s  dense  contnwling  Bhadow, 
ill  wbicli  area  of  concentrated  light  the  moat  minute  changes  can  readily 
be  seen.  In  order  to  secure  a  magnified  image  of  the  illuminated  |>oint, 
another  lens,  say  of  4-  S.  20.  t* ,  may  he  held  in  the  surgeon's  other  hand, 
between  his  eye  and  that  of  the  patient,  at  a  distance  from  the  observed 
eye  at  or  within  the  focal  length  of  the  lens.  Tf  desired,  a  so-C!dle«l 
"corneal  loupe,"  wliich  is  practically  a  low-power  tnicroscope  luounied 
in  appropriate  tubings  may  be  employed.  Many  extremely  minute 
changes  may  thus  be  detected  wliich  would  escape  detection  by  the 
unassisted  eye. 

Fig.  14t>  explains  the  procedure  very  well.  Here  L  is  a  bJ-convex 
lens,  Known  as  the  illuminating  len^,  which  receive>i  divergent  illuminat- 
ing rays  from  the  upper  candle-flame.  After  their  passage  through  the 
lens,  tbey  are  alt  brought  to  a  point  of  concentration  upon  the  cornea  of 
the  eye.  b,  which  pnint  of  concentration  can  be  made  to  alter  itii  situation 
by  changes  of  the  relative  position  of  the  candle,  the  lens,  and  the  eye  (the' 
(lotted  lines  procoediog  from  the  itecand  handle  through  the  dottetl  lens, 
80  as  to  be  focusscd  upon  the  po«terior  capsule  of  the  lens,  serving  as 
aoother  example).  In  the  first  instance,  lens  i/.  knowu  a*  the  magnify- 
ing lens,  focussed  the  magnified  image  of  the  corneal   point  on  the 
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obserred  eve  upon  the  roima  of  h'.  the  observing  eye.  In  the  second 
instance,  die  dutteil  line  pa^ain^  from  tbe  deeper  point  on  the  poiiterior 
capsule  of  the  len«  of  the  obaorvod  eye,  requires  the  movement  of  llie 
leus,  l',  to  a  point  tiesrer  tlie  observetl  eye,  in  orcJer  to  obtain  a  perfect 
picture  upon  the  retina  of  the  observing  eye,  k'. 


FlU.  14A. 
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Tlic  seconJ  method  is  prnctically  the  same,  antl  h  comlucted  by 
having  the  patient  seated  before  a  lar^o  window  which  permits  the 
entrance  of  plenty  of  diffuse  daylight.  The  samo  relative  positions  are 
ajvomed  as  in  the  first  inelhoti,  nntl  a  similar  pliin  is  pursued,  except 
ihat  here  the  illuniin»tin}{  tens  i^  held  at  itx  foc:il  lt;ri^tli  fmm  the  part 
of  tbe  eye  to  he  exaniine'l,  iuKtead  of  the  di^taiire  beyond  the  len^-focue. 
The  re»aon  for  this  is,  that  now  prnctically  parallel  rays  of  liglit  are 
focussing  upon  the  eye,  instead  of  divergent  ones. 

For  fear  of  injuring  the  eye  by  the  concentration  of  too  great  heut, 
tlie  student  should  avoid  direct  solar  raya.  In  fact,  care  should  be  exer. 
cised  thai  the  eye  sbull  not  be  subjeelrd  t»  iiny  injurious  glare.  By 
having  the  observed  eye  turn  in  different  dirrctions,  and  by  varying  the 
intensity  of  the  source  of  light  and  tbe  positions  of  tbe  two  lenses, 
oblique  or  perpendicular  incidences  of  any  desired  amount  of  light  may 
be  concentrated  in  such  ways  as  to  obtain  tbe  most  decided  contraatfl 
between  the  beam  of  focal  light  luad  its  surrounding  shadow. 

For  ordinary  inspection,  the  student  begins  by  holding  the  condens- 
ing lena  somewhat  within  it6  focal  length  from  the  part  of  tbe  eye  he 
wishes  to  study.  On  luicomit  of  the  moisi  sinmgly  condensed  portion 
of  light  having  been  cut  off  by  the  ocular  surfaces,  this  will  cause  a 
large  area  of  rather  weak  illumination.  By  tilting  the  illuminating 
lens,  the  summit  of  the  truncated  cone  of  light  may  be  played  iibout 
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and  carried  in  various  iIirection9.  He  should  raake  the  light  plsy  over 
the  entire  puplllnry  urea,  unci  focus  iiceuratelv  for  any  supmnwii  eajjsular 
or  lenticular  chan^.  If  there  be  any  doubt,  be  shoulii  not  hesitate, 
after  nolifyitig  ttio  patient,  to  employ  any  proper  mydriatic  which  will 
give  a  greater  fiehl  of  study  and  u  more  extended  area  of  surface  for 
answer. 

A  modification  of  the  use  of  oblirjue  illumination,  in  the  studv  of  the 
so-called  eatoptn'c  te»t  for  the  d<et«nnination  of  the  pre.tcnoe  of  the  crys* 
talline  lens,  may  at  times  he  very  important.  As  shown  in  the  chapter 
on  Physiology,  and  as  explained  at  length  in  the  chapter  on  Ontaract. 
there  are  three  reflecting  surfaces  situiited  in  the  anterior  sejj'inent  of  the 
eye,  the  cumeiil,  and  itie  anterior  and  posterior  capsulars  of  ihe  lens, 
each  of  which  is  capable  of  giving  «  strong  reflection  of  any  brilliantly 
illumioateil  body  placed  before  it.  By  placing  the  sunrce  of  artificial  tight 
at  an  angle  itnd  putting  our  eye  in  the  path  ot  ibe  efjuivalent  or  reflect- 
ing angle,  by  looking  through  a  strong  convex  lens,  we  can,  if  rht 
iMiticnt's  crystalline  lens  bo  transparent  nnd  in  position,  see  the  lltree 
imagea  of  the  flame:  one,  upon  the  patient's  cornea;  and  second  and 
third,  upon  the  anterior  and  pijeteriui'  purtiunis  of  his  len«.  If  the 
patient's  lens  be  absent,  the  large  anterior  upright  corneal  image  will 
be  alone  visible.  If  un  opacity  of  sufficient  density  and  ar^a  to  disturb 
the  reflecting  powers  of  the  lens  exists  nt  its  posterior  pole,  the  small 
inverted  posterior  image  of  the  flnme  will  be  lost;  whiht  if  the  anterior 
portion  of  the  Ions  has  lost  it«  reflecting  power,  the  middle  upright  image 
cannot  even  be  socu.  As  can  lio  readily  tindorstood,  the  plan  thus  offers 
a  most  valuable  guide  in  the  determination  of  these  questions. 

Ill  some  iiistaiicea,  advantage  may  he  taken  of  the  fact  that  the  rela- 
tive antero-posterior  positions  of  many  opncities  in  the  ocular  mt-iHa 
cause  »  difference  in  apparent  motion  when  a  beam  of  light  is  cast  upon 
them  from  the  plane  concave  mirror  of  an  ophthalmoscope  through 
which  they  are  being  observed. 

At  times,  where  suspicion  of  so-cnlled  conical  cornea  is  entertained. 
an  accurate  atudy  of  the  corneal  membrane,  *b  seen  in  profile,  is  of 
great  value. 

The  degree  of  intra-oculnr  tension  should  next  he  tested.  As  the 
student  is  aware,  the  contents  of  the  eye  arc  normally  insufficient  to  Git 
the  globe  to  ita  utmost,  and,  as  the  external  coverings  are  not  easily 
stretched,  any  decrease  or  incrcaae  of  the  contained  material,  either 
solid  or  liquid,  will  manifest  itself  by  a  corresponding  decrease  or 
inci-caee  ol  re-sistance  ufTcred  to  external  compression.  This  resistance 
is  known  as  tension.  The  best  and  simplest  plan  to  ascertain  its  char- 
acter and  degree,  is  as  follows  :  The  patient  shouhl  be  directed  to  look 
ateadily  downward,  and  ro  close  the  lids  gently.  The  studeTit  should 
apply  the  tips  of  his  foretingers  to  the  closed  upper  tids  so  as  to  press 
upon  the  globe  just  above  the  cornea.  He  is  then  to  make  a  firm,  but 
light  downward  and  backward  pressure.  This  is  to  be  done  first  with 
one  forefinger,  and  then  with  the  other.  To  the  novice,  the  procedure 
may  at  first  be  unproductive  of  any  satisfactory  answer,  but  by  constant 
repetition  in  association  with  experts — upon  healthy  and  diseased  eyes 
of  both  young  and  old  subjects,  he  will  soon  be  made  conversant  with 
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•what  i*  clinically  Icnovrn  sw  normal  temhn.  Having  this  once  estnb- 
lished.  there  u  do  further  ilifficulty  in  giving  near  and  clwe  estimations 
of  the  exact  consistency  of  the  globe  in  vorious  pathological  conditions. 
He  should  always  test  botli  eyes,  and  always  make  uee  of  corre«|>onding 
fingers.  If  nnueriain  nt  tinieo,  lie  should  compare  tlif  rcriulls  with 
those  of  other  eyes  which  are  <>ecniingly  alike  in  cnniiitions,  and  make 
it  »  rule  tg  study  the  condition  in  the  normal  eye  a!<  frequently  a^  op- 
portunity may  he  given.  At  times,  as  for  instance  in  some  cases  where 
there  are  gtnocomatoas  symptoms  connected  with  diBturhanccs  initiiated 
in  the  anterior  segment  of  the  eye.  it  may  he  of  viiluc  to  ascertain  the 
degree  of  intra-ocular  tension  at  other  point.*  on  the  unicrior  surface  of 
tlie  globe.  This  can  be  done  at  auy  position  desired,  in  the  manner 
above  described. 

The  abbreviation  of  the  term  tension  i«  ordinarily  written  T,  ivhi1.it 
the  usual  i<igns  for  registering  the  result  are  n  (normal),  —  (minus),  and 
-f  (pins)  for  the  character  of  the  condition;  ami  1,  *2,  nnd  -i  for  the 
degree;  whilet  the  interrogation  mark  C:")  serves  to  indicate  uncer- 
luiniy.  Thu«,  the  varying  degrees  may  he  indicated  by  the  following 
signs: 

T  n.  normal  tension. 

T —  1.  alight,  but  perceptible  ilecrease. 

T —  2,  decided  decreace  (the  sclera  can  be  very  easily  Indented 
by  ordinary  palpation). 

T  —  8»  great  decrease  (the  sclera  is  so  flabby  nnd  yielding  that 
the  least  presAure  cltangcs  the  form  uf  the  globe. 

T  +  1.  "ligbt,  but  positive  inoreiise. 

T  4-  2j  decided  int-rease  (the  sclera  can  still   be  indentol  by 
ordinary  palpation). 

T  4-  3.  great  increase  (impossible  to  indent  the  sclera  by  firm 
pressure:  "stony  hardness"). 
From  time  to  time,  ^-arious  contrivances  known  an  tfnottietera  liave 
been  deviwd  in  the  hope  of  supplanting  this  empirical  plan,  and  of 
giving  greater  certainty  to  the  methoil  ore^iamiimtion.  Unforiunaudy, 
Dowever,  such  in<itrnmeni.4  have  not  nnly  been  cumbersome  and  diffifult 
to  manage,  but  have  proved  extremely  uorciiahle  in  result.  The  edu- 
cated touch  of  the  careful  and  experienced  invesligntor  is  all  lh»t  at 
present  can  be  relleil  upon.  Uy  it,  he  enn  nut  only  study  intra-ocular 
pnemre.  but  is  enabled  to  differentiate  this  condition  from  rigidity  or 
fiaecidity  of  the  tiaeues  of  the  ocular  walla  tliomHelves,  which  with  the 
most  improved  present  form  of  artificial  tonometer  is  sn  impossibility. 

The  student  niiiwt  tJike  care  to  avoid  any  inacciirncy  thiit  might  arise 
from  palpebral  swelling  or  redema,  deeply -set  and  small-sized  globes,  or 
abnormally  prominent  or  large  eyeballs.  He  should  remember,  also, 
that  not  only  may  there  be  variations  of  the  fluid  contents  of  diseased 
organs,  but  also  that  changes  in  density  of  the  ocular  tissues  may 
occnr  in  many  dyscrasiie.  Kach  case  must  be  cotmidered  in  association 
with  its  general  conditions.  Idiosyncrasy  must  be  studied,  because 
what  might  be  normal  for  one  could  readily  be  abnormal  for  another. 

In  various  forms  of  sensory  nerve  disturbance  affecting  the  conjunc- 
tival  and  tlie  corneal  areas,  and  in  many  cases  of  glnucuma,  it  is  uf  the 
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utmost  clinical  use  to  teat  the  degree  of  flcnftibilit^.  Tliifi  may  he  rejulily 
ilone  by  touching  the  exposed  membrnnes  witli  a  wisp  of  absorbent  cot- 
ton, or,  when  greater  HCCurHcy  i^  ilesiredf  by  meaetiririg  tbe  distances 
obtained  between  the  bluntei!  point*  of  any  ordinary  »ft9tho-«iomeier. 

For  Ibe  study  of  cowparuiive  cf>njunctival  temperature-sense,  the 
author  has  frcf|ucntly  Ibund  almoat  any  of  the  well-known  sar&ce  ther- 
mometers to  give  excellent  results. 

The  Htuilent  »houhl  next  e^timatti  ilie  deptli  of  the  anterior  chamber. 
II*>  should  notice  whether  there  are  any  peculiarities  of  the  iris-tiasue. 
If  there  be  any  suspicion  of  abnormality  or  discrepancy  in  the  R>lativ« 
positions  of  the  two  eyes  in  the  orbits,  measurements  should  be  care- 
fully m;ide.  If  iluep>seated  orbitu!  or  ocular  disturbances  b«  suspected, 
palpation  and  auscultation  may  both  prove  of  the  greutosi  diagnostic 
value.  Where  the  ciliary  body  is  supposed  to  be  implicated  or  inflamed, 
as  is  often  the  case  in  pliistic  iritis,  it  nmy  be  made  more  evident  by 
gentle  palpation  upon  the  closed  lid  over  the  ciliary  xone,  revealing  the 
presence  of  localiaed  points  and  areas  of  tenderness;  this  is  known  »» 
ciliary  tendernem.  The  teat  is  often  «f  the  utmost  value  in  the  deter- 
mination of  the  probability  of  the  presence  of  sympathetic  irrinwrion 
from  lung-tttandiii^  irido-cyclitic  stumps. 

80  far,  th<*  Htudent  has  a  verv  fair  Kfionledge  of  llie  cntidition  of  the 
external  append:) '^e-'^  of  the  eye,  and  the  visible  appeanince  of  the  grosaer 
changes  in  the  anterior  segment  of  the  organ.  It  now  becomes  nece»- 
swiry  to  explore  tlie  interior  of  the  globe,  and  bring  to  view  the  finer 
and  I  ess- pronounced  changes  in  the  lens,  the  condition  of  the  vitreous, 
and  the  state  of  the  chorioid,  the  retina,  the  optic  nerve,  and  the  intra- 
ocular surface  of  the  sclerotic.  This  otn  be  done  by  that  myst  vronder- 
ful  and  valuable  itistniment  of  precision,  the  ophthiilnnmcope.  So  much 
is  exposed  by  it.-*  means,  and  so  much  is  dependent  upon  the  structures 
that  it  briugs  into  view,  that  the  student  should  never  fail  to  make  its 
use  a  part  of  his  routine  examination. 

As  shown  in  tlie  chapter  <jn  (.>phtimlmo»copy,  there  are  two  methods, 
both  of  which  ari*  thoroughly  explained  in  tliat  jilace.  The  student 
slioultl  always  make  use  of  one  or  the  other,  an  circumstances  allow. 
From  what  is  there  told  hiiu,  he  can  realise  that  the  direct  method  o( 
examination  is  the  more  advantageous  of  the  two.  He  should  use  the 
best  pnitem  of  instrument  that  be  can  afford,  since  the  most  valu- 
able results  with  the  easiest  work  can  bo  sccureil  from  the  mechanism 
having  the  greatest  faciliticH  and  the  best  workmanship.  Personally,  the 
author  prefers  the  latest  pattern  of  the  refraction  ophthalmoscope  of 
Loring. 

During  such  an  examinattoD,  the  surgeon  shouht  write  a  short  descrip- 
tion of  the  condition  of  the  media,  with  a  brief  account  oi  the  shape, 
site,  and  long  axis  of  the  disk.  lie  should  note  its  tint  and  capillarity, 
the  presence  of  physiological  or  patb'dogical  excavation,  the  position, 
width,  anil  visibility  of  tne  scleral  ring,  and  ihe  character  of  the  cho- 
rioidal  ring  and  conns.  lie  should  give  brief  mention  of  the  compara- 
tive size  and  tortuosity  of  the  retinal  vessels,  witli  the  apparent  thick- 
ness of  their  walls  and  the  color  of  the  containetl  blood;  and  add  a 
few  words  as  to  tbe  situation  of  the  greatest  rt'tinal  striation.  the  state 
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the  chorioid,  uid  the  character  and  amount  of  refractive  error,  etc.* 

t  first,  this  may  seem  irksome,  uiid  in  many  ia9tiinc«»  unnecemary. 

n  «pite  uf  this,  the  advice  nf  the  author  to  the  student  is,  do  it.  and 

te  rewanl,  w  to  the  mnre  exact  knnwlcdge  of  norvc  and  vascular 

|«huiige.  the  better  interpretation  of  the  nmny  transient  conditionii  uf  the 

■optic  nerve,  retina,  and  chorioid,  ntid  the  clearer  recognition  of  those 

,inlere»tiug  visiblt'  expressions  of  harmful   refractive  error,  will  more 

tlian  puv  for  the  slight  amount  of  extra  work  involved  fit  the  times 

of  pxttmi[iulion. 

Leaving  the  methods  to  be  detaileii  in  the  next  chapter,  where  the 
subject  is  treale^l  in  fxt'^nno.  tliose  methods  of  ocular  examination 
which  are  not  itbwlutely  necensarv,  except  in  special  cases,  will  next  be 
taken  up.  The  firBt  of  these,  which  is  llic  most  frequently  employed, 
is  that  of  the  determination  of  the  so-called   ^eUs  of  vhian. 
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Rulings  Bijil  ili>Ltl>irJ^  oE   boiinli   ti>r  iiK«  lu  4t'luriliUill'i|C  Ibi?  fx\A\  of  vMiivi 

.\»  hns  been  shown  in  tlie  chapter  on  Physiology,  every  eye  has  a 
in  amount  of  indirect  or  peripheral  vision,  whicli  in  many  inttUincea 
(Kular  disease  it  becomes  desirable  to  estimate-  Ordinarily  there  are 
three  methods  of  accoaiptiahiug  ibis:  First,  by  the  use  of  a  flat,  dead- 
surfncu  en  which  three-inch  sijuiirca  or  concentric  circles  of  five 
en*  difference  are  ruled  in  aouie  dark,  almost  black,  or  dark-blue 
In  the  centre  of  this  black -boani  a  whitp  cpohh  in  painted,  from 
which  fine  radiating  dottetl  or  solid  lines  at  forty-five  degrees'  difference, 
extend  in  all  directions,  thus  dividing  the  surface  Into  eight  etjual  sec- 
lions.  Fig.  147  shows  the  two  characters  of  rulings  and  the  divisions 
of  the  sections : 
In  addition  lo  thU,  either  a  aeries  of  long,  thiu  slips  of  ordinary 
black  cardboard,  or.  better,  long,  narrow,  0at,  flexible  pieces  of 
the  blackened  steel  u,ied  in  cormits.  on  which  have  been  pasted  at  one 
end,  small  squares  of  unpoMshe'i  green,  red,  blue,  yellow,  and  white 
papers  of  one  mtn.,  two  mm.,  four  mm.,  or  one  cm.,  in  each  area,  or  a 

>  Xot  >n  t-xl«(iiSed  dcacrlplloii  uI  Umm  aMWonDcea  in  the  ftlltd<l^  the  rtmtcnt  U  reftrwd  U>  the 
bqdRiUnc  of  tlie  ebapter  ou  \bt  niiwata  or  tti«  RvUoa. 
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small  black  disk,  fastened  at  the  extiemiiy  of  a  ]ong  baDdlc.  will  be 
necessary.  This  latter  contrivimcc  may  be  so  arran^  that  graduated 
areas  of  any  desired  color  may  be  exposed  as  wanted.  The  extent  of 
tlie  crdur-areim  are  j^raded  by  Rome  Hurgeonit,  nlme  being  made  »ome- 
wbat  more  tban  danble  that  of  the  green,  red,  blue,  and  yrllow.  The 
boanl,  ivhicb  is  to  be  supported  by  a  tripod  ov  some  similar  arrange- 
ment, should  be  placed  nt  a  slight  angle  »o  as  to  face  a  window  or  n 
light.  The  patient  shonld  be  seated  before  the  board  in  such  position 
that  his  eye  will  be  on  a  level  with  the  central  cn>s8.  Core  should  be 
tukcn  that  the  surface  of  the  boiinl  hax  sufficient  lateral  inclination 
to  escape  any  conflicting  shallow  from  tlie  patient's  person.  He  is  to  be 
directed  to  fix  his  vision  steadfastly  upon  the  cross.  One  eye  must 
be  employed  at  a  time,  the  other  being  excluded  by  means  of  one  or 
two  turna  of  a  roller  bandage.  The  test-colors  are  to  be  carried  along 
the  various  meridians  upon  the  surface  of  the  board  from  the  peripherr 
toward  the  fixutiun- point  iu  all  manner  of  confusing  ways,  until  the 
patient  first  reeognizei*  their  pre^entx-  by  correcily  culling  the  color- 
names.  Small  chalk-marks  significant  of  (he  colors  us«i — preferably 
tlie  initial  letters  of  the  colors — tire  to  be  pttice*!  at  the  points  of  first 
recognition.  Thia  procedure  is  to  be  rcpeatcil  at  from  thirty  to  forty- 
five  degrees'  difference  around  the  entire  board.  By  connecting  all  the 
related  marks,  tliere  will  be  completed  a  series  of  irregular  concentric 
circles  which,  in  the  normal  evf-  will  appear  in  the  following  order; 
green,  red,  blue,  yellow,  and  white.  These  markings  are  to  be  copied 
on  uma-ll  blanks  ruled  in  corresponding  proportion,  which  can  be  nlecl 
and  kept  for  future  reference,  ror  obvious  reasons,  it  is  always  well  to 
note  on  the  churtii  which  eye  wb^  the  first  tried,  the  author  making  it 
a  rule,  whenever  practicable,  to  try  first  either  the  more  siffectei  eye, 
or  the  right  eye  if  they  be  nearly  alike.  If  desired,  or  if  found  neoee* 
sary,  though,  of  course,  it  i«  by  no  means  so  satisfactory,  Fricstley 
Smitli'H  suggestion,  as  given  iu  the  accompanying  arrangement,  may  be 
KufTlciciit  in  some  of  the  uncomplicated  co.'ies,  for  ca8e-boak  reeord  : 
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If  noting^  of  the  intermediate  «-|imrtcr  meridians  be  deaireii,  the  num- 
ber which  expresses  the  degree  of  the  special  angle  may  be  inserted  in 
its  proper  position.  If  convenient,  a  slight  modification  of  Bjorrum's 
plan,  by  having  «  Sfjuaro  black  screen  two  meters  in  si«e  placeil  at  two 
meters'  distance  from  the  patient,  is  very  goorl  when  the  student  wishes 
to  atndy  very  small  acotomata  situated  near  the  centre  of  the  HeM. 
The  oniinury  one-centimeter  square  or  diameter  test-color,  fastened  on 
the  end  of  a  long  Idack  rod,  is  to  be  used.  Tty  this  means,  the  size  of 
the  blinil  spot  can  be  most  easily  estimated.  Of  course,  the  diRtonce 
used  and  the  size  of  the  test-objecl.  should  always  be  noted  in  connection 
with  the  amount  of  r«3uctIon  made  in  field-blank  used  for  record. 

Second.  Thia  metUyd,  which,  as  a  rule,  is  used  by  the  most  careful 
obsorverSi  consiftts  in  the  emplnyment  of  some  one  of  the  many  forms 
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of  pcrimeter-f,  all  of  which  nrc  bosetl  on  a  roechnnicnl  contrivance  for 
cirrjtng  »ma\\  nreaj^'  of  color  invari  upurt  a  graduated  metallic  arc 
tawanl  a  fixed  central  poiiU.  Among  tlie  latysl  iinjirovementH  tlint 
have  been  aildeil  W  these  contriynnre-i  is  a  small  diiplicatiire,  which,  by 
idjostment.  cuu  bo  made  to  register  properly  a  copy  of  the  field  of 
vision  being  taken.  One  of  the  most  recent  and  cDtirenieut  is  thai  of 
McHardj.  It  cout«ist8  of  a  gmduntcd  qtiadrAUt  upon  which  a  sinall 
e&rriage  containing  varioui^  colors  cun  he  tuude  to  mow  inwurd  from  the 


\ 


periphery.  Itacl:  of  the  central  fixation-point  there  is  a  Hmalt  and 
ingeniotu  mechanism  for  the  regist«rtng  of  the  result.  In  front,  there 
i*  an  adjustable  chin-rest,  by  wTiiirli  the  level  of  the  patient's  eye  may 
he  made  to  coincide  with  the  centre  of  fixntion.  (Fig  L48.)  Other 
lOoeasories  intended  for  change  of  6eld-aren  and  5tudie»>  with  the  field 
of  fixation,  etc.,  ac<^oinpany  it.  The  quatlrani,  h  h,  having  been  ad- 
JBSted  so  that  it  Hhall  atand  vertical,  aad  the  color-carriage  having  been 
remove^l  to  the  extreme  periphery  of  the  arc,  the  patient  i«  made  to  fix 
upon  the  central  point,  as  shown  in  the  illustration.  The  student 
Standing  behind  the  instrument,  otid  slowly  revolving;  the  milled  head, 
j,  whicn  acta   aimoltoneously  upon  the  color-traveller,  i  i,  and  the 


•  The   Hnalw  'tii»  better. 


TIM  antboi  preftn  ttion  which  an  but  two  ud  Ettnr  mltllfaM«n 
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pointer.  I\  tells  tli«  piitieiit  to  Btute  the  toonient  the  area  (>t  tncou)> 
ing  color  is  recogi)i'/c<l.  Jty  stopping  the  luution  niif]  piinliing  llie 
chart-box,  t.  against  the  pointer,  p,  the  monient  the  color  is  rcwg- 
nized,  a  Binall  hole  is  inadc  in  the  registry*  blank  at  a  point  correspontl- 
itig  to  the  poaition  of  the  color  upon  the  qundrnnt.  This  prwednre  ia 
repeated  at  any  lueriilian  (1e!<iretl,  until  a  series  of  points  are  made  upon 
the  blank.  The  blank  should  then  he  reni<»ved,  and  the  points  on  it 
connected  with  narrow  ink  lines,  thiia  giving  tlie  desired  charls  of  the 
field  of  vision.  Hepetiliou  may  be  made  with  any  cliwen  colur*  until 
the  series  of  fields  desired  are  completed.  The  appearance  nf  a  chart 
id  shown  in  Fig.  149, 

Thi-H,  which  ixn- res  (Kinds  lo  the  entire  Held,  is  divided  into  concentric 
circles  of  five-degree  differences  from  zero  to  ninety  :  it  is  intended  for 

Fia.  tw. 


A 


7S, 


i»5. 


.90 


-WS- 


•JS' 


>M 


tjo' 


■  JK. 


<«< 


Aimtgt  du  or  mm  uf  vigioo  Ar  wblle.   (SU(bilr  nodirM  nora  MrBAHsr.) 

wregifltration  of  tbechanjjoB  in  the  whole  color-area.  A  eecond  chai 
which  extends  peripherally  to  but  forty-five  degrees,  may  alio  be  em- 
ployed. This  one,  which  thus  gives  twice  the  comparative  measureioent 
of  the  former,  is  lo  he  used  only  for  registering  the  changes  which 
occur  in  the  central  portion  of  the  fields.' 

In  all  examinations  of  this  kind,  there  must  be  frequent  interchitnge 
and  HubHiitution  of  colors,  with  sufficient  repetition  in  all  posaihle  ways, 
to  verify  (he  correctness  of  each  point  chosen.  Care  should  he  taken 
to  have  the  patient's  eye  cointtantly  fixed  on  the  central  point,  and  tn 
avoid  fatigue  of  the  eye  by  unnecessary  repetition.  After  the  principal 
boundaries  have  been  obtained,  it  is  desirable  in  all  instances  to  search 
carefully  thronghout  the  fields  for  any  areas  of  altered,  diminished,  or 
annihilated  col  or- perception.  This  is  done  as  follows:  first,  a  similarly- 
sized  piece  of  the  color  wished  to  he  niudied,  is  to  bo  placed  directly 
over  the  central  croR!<.  and  then,  while   carrying  a  similar  area  of 


>  II  mil  be  nvUcM)  UiRi  Itie  aia&y-aest^  morlillaD  is  hortMoUI.  lUvni,  In  Ibc  UolMd  S(al«*. 
the  nln«r-ile£r««  miifldlJUi  1>  iilajwd  r«rUcany. 
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the  Hme  color  inward  fi-om  the  periphery  to  the  Sxation-point,  the 
fMitient  \s  to  compare  the  two  color  ncjuarcs  withniit  taking  his  eye  from 
the  central  point.  Anv  space  or  nrea,  wIietlitT  central  or  iiei-kphernl, 
iu  which  the  color  is  ilimitii^bed  or  Uincn  its  i<l(;iiticv.  r^houUI  be  marked, 
care  being  taken  not  to  confound  it  with  the  pliysiohigical  blind  spot, 
rhich  should  be  searched  for  in  every  case  and  noted  on  the  field  blank, 
t«8  to  insure  the  accunu'y  of  the  entire  procedure.  If  greater  cer- 
btj  a«  to  the  exnct  conformation  of  tbe^e  arcns  he  desired,  the  patjfint 
DDty  be  removed  double  or  treble  the  distance  from  the  test-color,  thus 
proportionately  increasing  iheir  size.  (.>f  course,  if  a  perinieler  he  used, 
the  arc  employed  should  be  couipamtively  leiuiened  In  curvature.  Iti 
iSmne  casett.  ai^  in  the  various  heminnop^inH,  quadranl  ilefeel^,  etc..  the 
I  of  demarcation  between  the  blind  and  the  seeing  portions,  e)^pecia1ly 
around  the  fixation -point,  should  he  carefully  gone  over,  millimeter  by 
DuUimeter,  with  a  two-  or  a  fotir-millimeler  t)(|uare  of  the  desired  colors. 
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In  the  registry  of  the  blind  or  dimmed  areas,  or  $cotvmata,  as  they 
.ire  rallied,  it  \s  a  good  pliin  to  ileeignate  those  that  art-  piisitivt,  renpec- 
Uvely  either  by  black  areas  or  crods-bftrs,  sind  those  that  are  negative 
by  cro88-bar8  or  parallel  linings.  If  scientific  nccuracy  be  desire*!,  as 
in  the  stady  of  incipient  nerve  disease,  the  color-square  or  circle,  which 
should,  Hg  a  rule,  be  quite  small,  can  be  fiied  in  the  position  of  the 
partial  Kc^itouiata  on  the  field,  and  Kimilar]y-8i:u}d  squaros  or  circIeEi, 
with  numbers  of  related  con  fusion -colors  pasted  upon  them,  substituted 
one  after  the  other  in  tbe  position  of  the  central  fi.\ation-color.  until  the 
nearest  match  1o  the  excentric  color  lius  been  made.  Hy  llii.s  means. 
the  student  can  obtain  an  idea  of  the  appearance  of  the  color  in  the 
affected  area.  Proportionate  sizos  of  the  matching  con  fusion- colors 
may  then  be  cut  and  parted  on  the  registry  blank  in  this  position  and 
used  for  fiiture  com]pari!>ou,  thus  giving  better  uotiontt  of  prognosis  thau 
could  otherwise  he  obtained  Hy  fixing  the  tc.tt  crdor  nt  variouH  point.s 
upon  the  quadrant  of  the  perimeter  and  revolving  the  arc  around  the 
central  pivot,  the  ordinary  procedure  may  he  so  altered  as  to  produce 
lateral  movcmenta  of  the  te^t-color  along  the  concentric  circle.  This 
modified  plan  is  particuhirly  useful  in  studying  scotomala  and  irregular 
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curvatures  of  l)oiiii<liitg  liiu^h,  uh  foiunl  in  liio  irolor-liitldi^  of  mauy 
of  commencing  nptic- nerve  atiojiliy  ami  rhnrioitlitiH. 

The  great  advantage  of  tlie  betnispLerical  over  tlie  Hal  field  is  shown 
in  yig.  IGO.  Here  it  will  be  seen  that  every  poinl  on  the  curved  field 
is  eqoidietnnt  from  the  observer's  retina,  thus  avoiding  the  double  error 
in  the  flat  surface  of  httvin^^  the  weakest  portion  of  the  retina  given  the 
niosc  di-:Cnnt  fixation.  Further,  as  can  be  readily  demonstiiitetl  in  many 
cases  clinically,  wspwially  in  .ttuvlying  hj:ht-percep1ion,  the  phine  surface 
does  not  allow  autiK-'Jeiit  area  upon  wlijcli  to  project  Llic  most  jHTipberal 
portions  of  the  temporal  field. 

If  desired,  aa  vhen  visiting  a  patient  at  his  house,  orwheu  he  ii  bed- 
ridden and  cnnnot  sit  up,  one  of  the  small  portable  hand-perinieiers, 
such  as  Schweigger'a  latest  model,  may  be  of  value. 

Tliird.  The  last  method,  which  in  the  simplest  and,  of  course,  the 
cnident  and  leiisi  saiisfactory,  may  be  resorted  to  wherever  the  black-board 
or  the  perimeter  in  unobtainable.  It  cuiufistd  in  haviug  the  patient  gaze 
steadily  with  one  eye  at  n  time  (the  other  being  covered)  into  ihe 
observer's  eye,  wliiUt  he  has  his  back  turned  toward  a  window  or  other 
source  of  light.  The  observer  now,  bringing  his  outstretched  fingers, 
or  a  color  s(|Unre,  inward  along  a  verticnl  plane  midway  between  his 
onu  eye  and  that  of  the  patient  in  various  direcllous  from  points  in  the 
periphery  toward  an  imaginiiry  line  connecting  the  two  eyes,  is  to  notice 
the  position  at  which  the  fingers  or  colors  are  first  seen,  being  careful 
that  the  patient  keeps  U'la  gaze  steadily  fixed  upon  his  eye.  Assuming 
tliat  the  nbiwrver's  own  field  of  vision  i:*  normal,  he  may  ctunpare  the 
patient's  answers  with  his  own  results  obtainetl  at  the  same  time-  Ft  is 
a  good  pliin  to  alter  frequently  the  number  of  outstretched  fingers  or 
change  (he  color  of  the  card  at  various  points  in  the  field,  in  order  that 
then-  uiuy  be  more  certainty  !is  to  the  results. 

Should  vision  he  very  low,  as  in  well-matured  cataract,  marked  nerve 
disease,  advanceil  glaucoma,  etc.,  the  extent  of  the  visual  field  may  be 
conveniently  ohlained  by  the  emphjyment  of  two  candle-flames,  or  of  a 
flame  and  the  glare  fruni  the  concave  mirror  of  an  ophthalmoscope.  In 
each  instance,  one  light  Is  to  be  steadily  gazed  at  and  the  other  is  to  be 
moved  Inward  from  every  side  at  short  intervals  towanl  ihc  central  light. 
If  desired,  two  candle- flames  might  be  attached  to  an  ordinary  perimeter, 
one  at  the  fi.xacimi-poiiil  ami  ihv  other  on  the  carriage.  An  ap|>aralus 
might  be  Bdvantiigefiu.sly  used  by  -which  graduated  bcamfi  of  clecErtc-liglit 
stimulus  could  be  substituted  for  the  ordinary  ctindle-fiame.  By  this 
plan,  not  only  would  knowledge  of  the  existence  of  [|unntitative  Hght- 
pereeption  he  obtained,  but  also  the  grade  and  quality  of  tlie  percep- 
tion. Where  central  fixation  in  unobtainable,  the  author  ha^  many 
limes  secured  steadinesa  of  the  patient's  eye  by  repeatedly  tapping 
upon  the  fixation-point.  re(JU^!^ting.  at  the  same  time,  that  the  patient 
endeavor  to  fix  persistently  upon  the  position  from  which  he  hears  the 
noise. 

The  Importance  of  the  art  of  perimetry  is  very  great,  as  the  changes 
in  the  visual  field  DtttUDC  such  definite  forms  in  various  local  tlisordcrs 
and  systemic  diseases  as  to  render  the  full  appreciiition  of  the  m' 
an  absolute  necessity  to  every  ophthalmic  student.     In  ihc  nume: 
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orgaiiii:  and  functionul  ncnroees.  the  cliiTercnt  types  of  fields  are  often  ia 
Bmnj  instancM  uliiif<st  puthof^omonic. 

Id  rarer  iostaiices,  it  becomes  necessary  to  study  the  character  nnd 
atnnunt  of  direct  visiuD  for  wlorst,  Many  conirivaiutcs  for  huth  iiuali- 
tjitive  and  <(imntitative  mcasaremenl  have  been  devised.  For  ordinary 
cliuical  purpuHes,  where  experimenlal  uiid  scienti&c  at.'curacy  is  not  abso- 
lately  oeoeasarj,  a  chart  or  disk  of  ^raJunted  co1urt>.  to  be  rei^ogniiied  at 
definite  distances,  w  all  that  Is  necessary.  As  hiift  been  explnined  in  the 
p)iy<uo]ogicaLl  division,  red  is  the  ino«(  easily  recogniKci],  green  and  bine 
f:nning  next  tn  order.  Using  these  as  rough  niaiuUraa  until  better 
grading  and  more  definite  estimates  can  be  eHtabli^hed,  vi*i-y  lair  nottom 
of  the  oomporatire  degree  of  color-vision,  salfiiMent  for  all  practical  pnr- 
potes,  may  be  obtained.     This  can  be  easily  done  by  having  the  colon 
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plac^)  U|)on  a  revolving  dittk  ailunted  at  the  bnck  of  a  grnditftled  opening 
u  arranged  thai  they  can  be  exposed  to  the  piilient  for  recognition  at  a 
definite  di.<tance.  Fig.  l.')l  »how«  a  form  ul'-^nch  appiiroMiK  d«vised  by 
the  author. 

It  is  to  be  hang  on  a  wall  in  the  same  position  as  the  test-type,  and 
the  patient  is  to  be  rpnioved  to  the  uanal  distance  of  five  meters,  The 
amount  of  exposure  necessary  for  recognition,  in  millimeters,  for  each 
eve  i^parstely,  should  be  noted  in  the  cii^o-book, 

Should  the  case  abow  any  lowering  of  iho  color-dense,  or  should  the 
'Student  be  led  to  suiipcct  tlie  exi^UMiec  of  ttucli  a  condition  from  the 
appeamnce  of  the  optic-nerve  tip,  the  rrtina,  :md  the  chorioid,  or  if  the 
general  symptoms  indicate  any  grave  neurosiit.  careful  testing  of  color- 
perception  becomes  absolutely  necessary.  Of  nil  the  plans,  that  of 
Holmgren  (really  Wilson)  is  by  far  the  be-st,  where  actual  comparison 
nf  color  is  intended  to  ho  made  among  large  nuuibers,  this  being  accom- 
plished by  the  use  of  cheap  and  easily- handled  Berlin  wools.  Here 
there  is  uo  complicated  apparatus,  no  doubts  arising  frum  imperfectly 
working  mncbinery,  and  nothing  dependent  U|>on  faulty  ridming.     To 
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apply  this  meliiixl,  the  camlJdate  is  to  be  placetl  before  a  table.  The 
wries  of  small  skeina  of  differently  tinted  wools  chosen  by  Holmgren 
beiag  thrown  promiscuously  in  a  heap  upon  the  Cublo,  the  CKudidatc  if 
handed  n  lar^c  tpatskcin  of  lifrht  pure  green,  and  is  nhjuGsted  to  »cleet 
the  nearest  mutches  and  place  tliem  with  the  teat-skein  without  attempt- 
ing to  name  the  etiUtr.  rrefiueiiily.  nw  lloliiign'ti  says.  "  If  the  person 
examine^]  rannot  succeed  in  understanding  this  by  verbal  explanation, 
we  must  resort  to  action.'"  After  the  examination  with  this  color  has 
been  done,  the  «ime  thing  is  to  be  repeated  witJi  a  purple  and  h  red  test- 
8kein.  If  the  fiist  and  second  tests  evidence  decided  ]<>wering  of  color- 
perception,  the  third  Lent  need  not  tie  made. 

For  scientiiic,  clinical  purpost»s,  and,  in  fact,  even  where  large  maasea 
are  to  be  examineii,  a  plan  modified  froui  Holmgren  and  made  use  of 
by  the  author,  JR  as  follows:  Bmad  diffuse  daylight  is  necessary.  A 
e<juare  of  black  muslin  b  placed  upon  aflat  table  »bout  one  meter  awar 
fnim  the  candnlato's  eyes.  Five  large  lest-skeinB  (pure  green,  pure  red, 
rose,  jiuro  blue,  and  pure  yellow)  are  separated  from  a  collection  of  five 
small,  pure  match-skeini^,  each  beiu;;  a  part;  tint  of  definite  intensity  of 
one  of  the  colon  of  the  large  skeins,  find  eighteen  small  confusion-skeina 
of  the  same  intensity,  each  containing  a  mixture  of  certain  definite  per- 
centages of  two  or  more  of  the  colors  of  the  principal  skeins.  Each 
skein  is  colored  with  a  I'egetnble  dye,  and  each  match-  and  confusion- 
skeiu  is  designated  by  a  small  black  metallic  bangle,  upon  which  is 
marked  the  mitial  of  the  color  and  its  degree  of  color-saturation,  in 
such  ft  nmnner  as  not  to  be  anderstood  by  anyone  but  the  examiner. 
One  eye  of  the  examinate  is  to  he  tried  at  a  time.  One  of  tlie  large 
test-skeins  (preferably  the  green)  is  handed  to  the  candidate,  and  he  is 
requested  to  select  from  the  pile  of  wools  the  three  nearest  matches  to 
this  skein  and  to  lay  them  alongside  of  it  in  the  order  of  their  match- 
ing. The  surgeon  should  go  through  the  proceflure,  and  then  show  the 
candidate  exncLly  what  is  wanted,  taking  care,  however,  so  to  disarrange 
his  choice  that  it  will  be  impossible  for  tlie  candidate  to  gain  any  knowl- 
edge from  hie  selection.  The  letterings  upon  the  tags  of  the  chosen 
wools  are  then  to  he  registered,  iti  the  order  of  choice,  u[hui  a  properly 
arranged  blank.  This  finished,  the  selected  wools  are  to  be  replaced 
among  the  general  mass,  and  the  same  method  of  selection  continue*! 
with  the  rose,  the  red,  the  blue,  and  the  yellow. 

By  this  plan  one  is  able  to  obtain  the  pro[>er  registration  of  the  color* 
sense  with  as  few  loop-holes  of  escape  as  possible.  It  prevents  any 
chance  of  easy  selection  by  the  aid  of  skilful  shading;  it  avoids  the 
mistakes  which  mj^dit  arise  »s  to  color,  character  of  dye,  and  choice  of 
material;  it  permits  an  eiiav  and  comprehensible  method  to  any  interr 
e«ted  layman  to  be  rendered  UDiutelligible  to  the  patient;  and  it  allows 
a  detinite  and  exact  grading  of  the  amount  uf  mlor-defect  by  which  the 
registration  may  be  made  common  property  throughout  the  ophthalmic 
world. 

For  situations  where  proper  color-perception  is  demanded  at  great 
distftDces,  iw  among  engineers,  pilots,  etc..  it  becomes  requisite,  for  many 
reaaons — such  as,  for  instance,  what  Wilson  uptly  terms  ehroj/iic 
myopia — to  substitute  contrivances  bv  which  a  !«cries  of  similar  colon 
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to  ihoM  met\  during  n«ir-lesting  can  be  promiscuously  .vet  intelligently 
pbceil  by  ihe  surgeon, so  that  comparison  ciui  be  ii)»ilf  nliile  tlif  vieiint 
appuratus  is  in  the  snme  position  that  it  woiih)  he  in  during  active  em- 
plojmeDt.  This  may  be  done  by  the  use  of  unpolisheri  reileciing  and 
ir»n?initling  c<»Ior-area8,  graded  in  size  by  previous  experiment  upon 
normal  risual  organs,  so  that  they  shall  iill  he  of  one  sninrution  of  tint 
or  abudc.  For  uii»  |iur[irisp.  pnj[>erly  c'liom*u  colnrad  liniiits,  fliigs,  i^ic. 
can  be-  used;  but  the  beat  and  moHt  Rcif^ntific  incthnd  is  the  soloction  of 
loose  and  interchangeable  reflected  and  tmnMmitted  color-areao  of  defi- 
nite grades  and  intensities  placed  at  as  great  h  diHtance  an  will  he  com- 
patible  with  «fetv  when  the  eve  is  at  worlt  during  its  usual  employment, 
&nd  lo  have  the  ti::stin^  done  under  the  same  circumstances  that  the 
visual  apparatus  is  accustomed  U)  durin^j  ordinary  routine  duty. 

For  railway  service,  as  has  butn  siiggested  by  the  author,  five  pure 
uet-cnlnrs  can  be  maiU-  into  ile^tiitely  mr.vi\  t-olor-areas  of  j^tiflicient  size 
lo  he  properly  recognixed  by  the  normal  visual  apparatus  at  the  dis- 
tance, say,  of  five  hundred  or  a  thDusand  feet.  These  areas  can  be 
arranged  in  the  live  faces  of  a  revolvin^^  box  place*l  several  feel  nbore 
a  boxed  series  of  twenty-three  related  pure  and  confusion  tints  of  defi- 
nitely uradcd  sizes,  situated  alon^  a  horizontal  beam  about  twenty  feet 
»bove  the  ground.  Each  match-area  is  to  he  known  to  the  surgeon  by  the 
butialii  of  its  contained  color  or  colors.  The  colors  can  be  |ilui'ed  in  any 
order  desired  at  the  time,  and  this  onler  marked  upon  a  suitable  blank. 
The  candidate  is  then  to  stand  at  the  specified  distance  from  the  testing 
apparatus,  and,  alter  an  assistant  has  rotated  one  of  the  upper  test- 
areas  into  po«tion,  the  examiner  is  to  request  the  examinale  to  register 
upon  a  blank,  provided  fnr  the  fiurpa>«e,  the  nearest  match  upon  the 
lower  beam  expressed  in  the  number  of  its  order  at  the  time,  to  the 
exposcl  upi»er  test-color.  This  is  to  be  repeated  with  encli  ttyjt-cotor.  If 
pn)per  care  Ih*  isken  to  guard  against  uitercoriiniujiicalion.  tliis  can 
be  elone  with  a  doren  or  more  candidates  at  a  rime.  Kxperiments  both 
by  day  and  by  night,  during  various  kinds  of  weather,  and  under  varying 
circumstances,  can  be  made,  thus  placing  ttic  candidate  in  exactly  the 
position  and  circumstances  in  which  he  is  expected  to  serve. 

For  merchant  and  marine  service,  army  signalling,  etc.,  suitable 
modifications  can  be  readily  adopted. 

In  tlioM  rare  cases  of  liemlanopia  in  which  it  is  desired  to  determine 
whether  the  failure  of  vision  is  due  to  an  intra-cranial  lesion  situated  in 
front  of  or  behind  the  corpora  i|uadrigeminn,  vfiluahle  aid  is  possesse*! 
in  the  movements  of  the  iris  to  light-stimulus  thrown  upon  the  portions 
of  the  retinte  from  from  which  it  is  impossible  to  obtain  any  visual 
fields.  As  previously  seen,  the  arc  of  light-stimulus  follows  the  second 
nerves  inwardly  to  loop  with  tlni  outgoing  strands  of  the  portions  of  the 
third  nerve  controlling  the  sphincter  pupilUe.  If  the  lesion  be  back  of 
Uie  loop — that  is,  if  it  be  in  the  fibres  from  the  second  nerve  back  of  the 
corpora,  or  in  the  oecipital  cortex — there  will  necessarily  be  no  inter- 
ference with  the  reHex  iict.  Should  the  lesion,  however,  be  situated 
anywhere  in  tlie  path  of  the  second  nerve  anterior  to  this  situation  and 
posterior  to  that  portion  of  the  optic- nerve  prolongation  which  is  ante- 
<or  lo  the  chiasm  (that  is,  in  the  chiasm  and  optic  tract),  there  will  be 
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a  fnilure  of  iris-response  when  the  light  \s  maile  ta  fall  upon  the  retinae 
of  the  broken  arcs.    This  mjiy  be  termed  fumianopic  ■pupillary  inartion} 

To  cmplo^v  the  method  satiefactorily  is  moat  difficult,  especiallv 
where  there  are  disturbing  collateral  symptoms. 

Thy  nitthoil  t;in]ilo_Yeti  by  rhe  author  in  to  place  the  jwtient — who  Iim 
bail  one  eye  carefKny  exrliuled  from  all  light'>itinii]lii>«  hy  a  few  lurua  of 
an  nnlinary  roller  handagp — in  front  of  a  light  so  arrangeil  that  the  rBya 
will  fall  over  hiB  bead  upon  a  Ismail  sheet  of  pkiii  looking-glatK),  either 
held  in  the  observer's  hand,  or  better,  fixed  upon  a  stand.  The  mirrur 
18  to  be  so  tilted  that  the  veHection  will  fall  directly  upon  the  patient's 
eyea,  wiusing  a  faint  illumination  of  iheir  exteriors  of  suHicient  amount 
to  render  visible  any  movement  of  the  irides.  An  ordinary'  concave- 
mirror  opbth»lnioscope  is  now  to  l:iu  held  at  or  near  xtn  f(x;al  distance  iu  ■ 
front  of  the  eye,  thus  producing  a  narrow  ta'atn  of  Mtnmg  lighL-Htimulua:  ■ 
this  stimulus  being  the  one  intended  to  make  evident  the  want  of  reac- 
tion. Should  the  coee,  for  instance,  be  one  of  left  lateral  hemianoplu, 
the  beam  of  light  is  to  be  started  from  the  extreme  left,  and  gradually 
moved  across  the  blind  area  of  the  left  6eld  until  the  centml  line  is 
almniiit  rwiched.  If  the  iris  remains  Inimobilcr,  and  the  pupil  contiDucs 
intact  in  sixe,  there  has  been  no  pupillary  respond  during  the  play  of 
light  upon  ihu  retina  of  the  blind  [jortion  of  the  eye,  showing  distinctly 
that  the  lesion  has  encroMcheii  U|Hm  the  second  nerve  somewhere  within 
the  setisorv -motor  arc,  and  hence,  that  the  portion  of  the  secoml  nerve 
going  to  chat  side  is  involved  at  a  point  between  the  corpora  ijuadri- 
gcmina  and  the  beginning  of  the  portion  of  the  nerve  anterior  to  the 
chiiMiiia.  Continuing  the  lateral  luovemenl  of  the  light  inward,  we 
shall  find  that  a  moment  or  two  before  th(^  central  line  \t  reached,  the 
sphincter  will  act  and  the  pupil  will  contract ;  this  will  continue  as  long 
as  the  srimuliiK  is  kupt  in  the  retinal  field  area.  Reversing  the  band- 
age, and  pursuing  the  same  plan  with  the  right  eye — except  that  here  it 
is  bet>t  to  Ijegin  to  move  tlie  light  outward  from  the  nasal  side,  in  order 
that  the  light-rays  may  fall  upon  the  retina  of  the  broken  ai-c — no  move* 
meat  of  the  iris  will  be  found  until  the  light  ba«  reached  tlic  area  of 
light-projection :  thus  ehowing  that  the  right  arc  is  involved  also. 
Associating  these  two  results,  ami  remembering  the  anntomical  division 
of  the  uptic-iierwe  fibres  (see  colored  diagram  facing  page  80),  the 
student  can  readily  r^ee  that  the  lesion  must  be  situated  in  the  right 
tnctus  between  the  optic  chiasm  and  the  right  (|uadrigeminal  body. 

If  the  case  be  one  of  right  lateral  hemianopia,  the  play  of  light 
should  coDimence  from  the  extivme  outer  peripbcr}'  of  the  right  side  of 
the  patient.  Should  bi-na&al  bemianopia-  be  found,  the  play  of  light 
should  commence  from  the  na^al  side  of  eaclj  eye,  whereas,  if  there  be 
bi-tcmporal  hemianoplu,  it  should  commence  from  the  temporal  side  of 
each  eye.  It  should  be  remembered  tliat  the  nerve-impulse  »oon  tiree 
in  the»d  cas«is,  and  that  the  response  will  Koon  cease  to  be  either  prompt 
or  active. 

In  some  cawe  of  chorioidal  inflamniRtion,  especially  of  the  dissemi- 

I  WcTiilcka  (l««l)(iiBl«*  Ihte  u  "  b»iDl«Uo  pnplUkTj  raicUon  ti^n. '  l>ut,  iu>  tha  won)  "  Iwint- 
oU^  "  bH*  twol)  ftlMBllottMl  In  npbttulinl^  noiD^iiclndin,  the  opirvllr  ronilUInn  of  licmlAUcpU. 
wild  iU  w»nt  of  nartlon,  b«*  mbii  ibonictit  by  Uia  tuibor  to  Mipp'T  itJV  lietter  wmk 
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variety,  where  the  region  of  the  macola  is  more  or  less  involved, 
h  miy  be  at  least  of  clinical  interest  to  study  the  apparent  distortion  of 
objects  caused  by  the  bending  and  twisting  of  the  perceptive  oloments 
»f  the  retina. 

The  stuilent  will  frequpntly  fiml  during  the  com-se  of  some  ocular 
dbeaw,  soch  ns  a  low  grndo  of  ptn.tti^'  iriti.s,  and  even  irido-cycHtis,  macu- 
lar chorioiditis  of  low  type,  etc.,  where  there  is  but  little  interfering 
piadnle  —  conditions  in  which  the  optical  constant'^  are  frei(uently 
modified — that  valuable  aid  can  be  obtained  from  careful  and  repeated 
rc-ejcami nation  of  refraction  during  the  course  of  the  disease,  ile  will 
find  that  Cjoitc  a  numhor  of  cases  mny  n^quire,  as  they  improve,  weaker 
and  weaker  concave  sphericals  ami  cylindi-rs.  until  at  last,  throuj^h  the 
turnstile  of  mixed  aatigraatism,  their  urilinary  coiiipoiind  hypirmotmpic 
Ditijgmat'uim  refraction  is  reached.  Berry  gpeaks  of  tbe  plan,  whilst 
Green,  Mittendorf.  and  the  author  have  called  attention  to  these  facts 
in  cases  of  iritis,  causing  much  argument  to  be  raised  as  to  the  cause. 
Be  this  as  it  may,  the  facts  are  as  stated,  and.  if  properly  used  during 
ocular  examination,  may  prove  of  gn:*at  vahm  in  tlio  study  and  treat- 
ment of  disease. 

In  all  the  examinations,  tbe  student  should  avoid  the  use  of  mvdri- 
aiicB.     He  should  confine  their  employment  as  much  as  possible  to 
i        therapy.      He  should  learn  to  depend  upon  his  own  skill  h,s  much  as  he 
can.  and  the  time  will  soon  come  when  he  will  find  mydriatics  unneces- 
ary.  except  in  rare  cases.    Should,  however,  instances  present  them- 
^^  selves  in  which  it  is  necessary  to  examine  tbe  lens  posteriot'  to  the 
^■ordinary  position  of  the  iris,  or  <ibould  a  more  detailed  account  of  the 
^K titreons  chamber  and  fundus  be  required,  he  mn  resorl  to  either  liomat- 
^fropine  or  cocaine.     The  fonner  iw  prnljiibly  the  lielter.  as  it  i\,v\»  more 
•      quickly  and  more  powerfiilly,  and    hence  is  much  more  advantageotifl 
for  study :  the  few  additional  hours  of  partial  mydriasis  and  tbe  slight 
increas^  loss  of  ciliary  power  from  its  action,  not  being  of  any  prac- 
tical importance. 

Although  simulated  blindness  is  not  so  common  here,  it  occurs 
sufficiently  often  to  render  necessary  an  explanation  of  a  few  of  tbe 
more    valuable    methods    for    itn   detection.       Before    attempting    any 

Kp«?ciBl  plan,  it  will  be  advi-sable  to  write  out  a  cucclnct  account  of  the 
iretender's  family  and  personal  history  without  any  reference  to  the 
ye  symptoms.  A  concise  statement  of  the  time  of  the  onset  of  the  eye 
irouble.  tbe  manner  of  Its  appearance,  and  the  progress  of  the  affection 
it  next  to  be  obtained.  Both  distimt  nnd  neav  vision  fi)r  ench  eye  sepa- 
rately, no  matter  of  how  little  value  the  sight  may  si*eni  to  Ite,  are  to 
be  noted,  correcting  thern,  if  po»sible,  as  far  il'*  can  be  done  without 
tbe  use  of  a  mydriatic.  Tbe  pin-hole  teitt,  spoken  of  in  the  chapter  on 
tlie  Detennination  of  Errors  of  Refraction  and  Accommodation,  should 
be  made  use  of.  The  action  of  the  extra-ocular  muscles  is  to  be  tested 
in  order  to  ascertain  whether  there  is  binocular  fixation  or  not.  The 
action  of  the  irides.  both  separately  and  conjoined,  is  to  be  observed, 
team  whether  the  pupils  contract  to  ligbt-atimulua  or  when  the 
,lient  is  looking  at  near  obji^cut.  If  [XKssibLe,  the  extont  of  the 
iiining  fields,  even  though  it  be  :Lsserted  that  vision  h  limited  to 


mere  ligiit-perception,  \a  to  be  obtained.     The  surgeon  i^liould  we  that 
there  IB  proper  relntiutiship  in  tlicii-  extent  ani)  she  in  various  situs- 
tions.    Nothing  should  he  taken  for  granted.    The  stirgeon  ithoald  pro- 
ceed quictl^',  iind  obtain  accurate  record*!  of  all  the  necessary  objective 
symptoiDK,  with  aa  careful  an  account  a.^  possible  of  all  tho^e  subjective 
condition*    tbut    the    malingerer    may    voluntarily    or    iinintenlifmally 
furnifth.     Lastly,  a  critical  upluhalmoscopic  examinaiion  uf  each  ove 
should  be  made,  taking  cure  to  note  any  manifest  error  of  refraction.  ■ 
Continuing  unconcernedly,  the  (turgeon  i»  to  puraiie  the  investlMlion  " 
just  as  though   ilie  malingerer  were  unsuspected.     He  j^hould  tell  the 
patient,  if  there  be  comjilnint  nf  but  one  eye  being  defective,  that  the 
eifnrt<  will  in  the  main  be  limited  to  the  estimation  of  the  power  of  the 
good   eye.      By  now  making  use  of  one   or  several   of    the  following 
plans,  tlie  actual  possession  of  binocular  vision,  so  as  to  be  readily   _ 
realized  hr  cnuiiiotent  witnesses,  can  oflen  be  conclusively  shown.  H 

Fii-st :  Jii/  the  aid  of  {*r{»mittit^  glat^ft  which  nrt  to  plaefd  a»  arti- 
Jiciallj/  to  produce  doubk  and  erronvous  projediona  of  natural  ohiectt. 
Chief  among  these  ia  the  method  of  Von  Kriife.  .\9  this  test  is  condncted 
before  the  good  <;ye  alone,  it  is  one  of  the  best,  especially  where  one 
eye  is  declared  to  be  absolutely  blind.     The  surgeon,  first  seeing  ihst 


I 


1 


both  eyes  arc  kept  open,  places  a  ten-degree  prism,  with  its  base  held 
upward  or  downward,  in  front  of  the  sound  eye.  Directing  the  patient 
to  look  eitlier  at  a  eandU'-dHmc  held  sevend  meters  away  and  on  a  level 
with  the  eyes,  or  at  a  dot  cvn  a  piece  of  paper  held  at  thirty  or  forty 
centimeters'  ditftance,  and  taking  care  that  he  has  not  seen  either  of  the 
test-objects  before  the  prism  was  put  on,  the  surgeon  is  to  ask  him. 
casually,  whether  the  glass  improves  sight  or  not.  If  the  patient  says 
that  he  sees  two  candles  or  that  there  arc  two  dots,  ho  U  necessarily 
using  both  eye»,'  and  has  thus  betrayed  hirafclf.  The  author  pre- 
fers to  make  the  paprr  bidding  the  dot  much  larger  in  area  than  the 
combined  visual  fields,  or,  better,  to  employ  the  candle-test  in  the  dark, 
because  in  both  instances  there  is  nothing  else  to  be  seen  for  comparison :  ■ 
for  should  the  malingerer  see  the  doubling  of  other  objects  that  he  ■ 
knows  to  he  single,  he  wmild  undoubtedly  declai-e  that  the  test-nhjwt 
was  single,  even  though  it  should  appear  di)uble  to  him. 

It  is  a  good  pkn  to  drap  a  red  gtiiss  in  front  of  the  prism  for  con- 
firmation, and  the  prism  may  be  rotated,  to  ascertain  whether  the  false 
image  rotJites  in  a  corresponding  manner.  The  surgeon  should  never, 
if  po9!»ihle,  use  any  of  these  tests  on  the  affected  eye,  hee-iuse  if  this  bfl 
done,  the  malingerer's  suspicions  wilt  be  aroused,  causing  him  to  con- 
tradict himself  in  tlie  mo^l  confusing  manner,  in  his  attempts  to  avoid 
the  trap  that  he  supposes  to  be  set  Iwfore  him.  By  placing  the  prinm 
before  his  good  eye,  his  suspicions  are  disanued,  and  the  surgeon  thus 
has  him  at  an  advantage.  ■ 

If  these  methods  do  not  succeed,  it  will  then  be  advisable  to  tt^  ■ 
the  stereoscope.      Laurence  says  that  •'  the  test  is  certain  if  care  is 
taken  not  to  let  the  patient  see  the  slide  before  putting  it  into  the 
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'  aud  ailirifies  ihat  the  instrument  ^'  should  be  onclosod  on 

■n  sides  with  gronnd  glass."  This  oJviee  is  very  good,  provided  the 
bood  ooverJDg  the  face  of  the  eterecwcope  be  taken  away,  bo  that  the 
mrgeon  may  be  positive  that  the  pucient  is  usiag  both  eyes  siuiultu- 
BMOsly  :  for  if  the  malingerer  he  allowed  to  open  and  rlose  his  eyes 
iltuuatelv.  he  will  soon  learn  the  correct  and  the  falsi5cd  appcarauces  of 
ihe  teat-objects,  which  knowledge  will  of  necessity  destroy  the  value  of 
ifaeexpenment. 

The  {jictures  rccomiucnded  iu  one  of  tlie  moat  recently  dovisi^d  cod- 
trivatice«  are  many  and  varied,  and  are  so  arranged  that  their  combtna- 
tions  give  rise  to  entirely  new  and  oonfusiiig  results.  If  the  examlnatiim 
be  conduced  properly,  the  malingerer  will  see  before  him  a  single 
picture  which  is  the  representation  lA  three  possibilities.  This  can  be 
explained  by  the  following  exmnpie.  Suppose  a  card  of  the  ordinary 
nze  nwd  for  a  stereoscope,  to  be  arranged  like  the  followiitg^  the  field 


for  the  right  eye  coataiDing  the  letter  F,  and  the  field  fur  the  left 

having  the  letter  I>  in  a  simiTar  position  in  its  area.     Assume  that  the 

patient  is  pretending  blindness  io  h«s  left  eye.     Without  allowing  the 

.       card  to  be  seen,  adjust  it  correctly  in  the  instrument.     If  the  patient 

^L  anys  that  he  sees  a  letter  E,  it  in  poj^itivc  that  he  in  u.4ing  both  eyes, 

^IPintue  such  an  imprest^ion  must  have  been  received  binooalarly,  as  this 
^■letter  represents  the  combination  of  the  two  letters  L  and  F ;  and  as  a 
^^  consequence  the  cheat  ie  discovered. 

If  he  should  assert  that  there  is  an  L,  the  falsity  of  statement  is 
manifest.  If  the  k-tier  F  is  the  one  stated  to  be  seen,  the  patient  hiis 
Dot  allowed  hid  deceit  to  be  divulged,  and  his  claims  must  be  utill  further 
met  with  the  more  difficult  and  less  oomprchenaive  tests  of  the  same 
•cries. 

The  great  trxiuble  with  all  stereoscopic  teats,  however,  Is  that  gen- 
a  moment  or  two  elapse  before  fiision  of  the  two  pictures  is  made, 
luring  which  time  the  midin^erer  becomes  aware  that  there  are  two 
ries  of  objects  being  fused  into  one. 
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Lippincott's  plan,  which  is  dcpenileiit  upon  the  apparent  elongRtion 
of  objects  produceJ  by  cunvcx  cylinder  lenses,  may  also  be  meniiooed. 
Possibly  the  ea»\&t  and  most  practical  method  for  it«  ordinary  «m- 
plovmunt  in  tliese  cnsen  is  to  hold  a  convex  cylinder  of  two  diopters 
wilii  its  axis  at  ninety  degrpos,  atul  to  have  the  fiobject  gajtc  with  both 
eye's  open  at  a  t^quii-re  card,  about  one-thinl  of  a  meter  iu  »ize,  held  at 
the  ordinnry  distance  used  for  iiea.r-work.  Upon  now  asking  him,  with- 
out having  ollowed  him  to  see  the  card  before  the  cylinder  ha<i  been 
placed  before  the  good  oyc,  to  tell  which  vertical  edge  of  the  figure  is 
the  longer,  ho  will,  if  he  poaaessce  vision  in  the  fellow-oyc,  say  that  the 
side  toward  the  eye  befwe  which  the  cylinder  is  placed  is  the  longer. 
In  that  case  the  deceit  is  nt  onc-e  mimifeHt.  because  the  cylinder  lens, 
having  apparently  increased  the  vertical  length  of  the  Sfjuiire  which  is 
visible  through  it,  is  unwittingly  compared  by  the  patient  with  the 
actual  vertical  length  of  the  side  of  the  s>{uarc  which  is  seen  by  the 
avowed  blind  eye.  To  verify  this,  the  card  may  be  removed  from  sight 
for  a  moment,  and  the  cylinder-axis  placed  horizontiilly,  and  tlie  experi- 
ment tried  with  the  upper  and  the  lower  border  of  the  square. 

From  what  liaB  ju»t  been  said,  it  can  be  easily  seen  that  tlie  rod  t«st, 
aa  explained  on  page  170,  may  also  be  Uiken  ail%imtAge  of  in  the  detec- 
tion of  the  simulation. 

Should  the  case  still  not  be  clear,  it  will  be  advisable  to  change  the 
Diode  of  exnminnlion  to  the  next  plan. 

Second  :  Either  h'j  the  aid  vf  femee  or  mydriatics,  which  to  after  the 
focuamintf  pinve.r  uf  th^.  S.wn  eyex  an  to  reniiiv  tinortUar  fixatiun  ivipo»- 
ti^li,  or  hy  the  vuifjhi/ment  of  other  contrivances  by  which  the  avowad 
good  eye  ig  stvrretiy  excluded  from  action.  This  is  one  of  the  oldest 
methods,  and  embraces  some  of  the  most  interesting  and  ralnahle  exper- 
iments for  the  detection  of  the  deceit.  Foremost  among  these  is  a 
methoil  made  use  of  bv  flarlan.  After  first  mentally  cliraituiting  the 
apparent  amotint  of  refractive  error  obtained  by  the  use  of  the  ophthal- 
moscope, and  seemingly  agreeing  that  nothing  van  be  ilone  for  the  bad 
eye,  the  patient  i.^  to  be  told  that  it  in  desired  to  see  if  any  iniprovc- 
nient  can  be  made  in  the  t>ight  of  the  fellow-eye.  Whilst  both  eyes  are 
Open,  a  strong  convex  spherical  lens  is  to  be  placed  in  front  uf  the  good 
eye,  of  sufficient  power  to  render  proper  distant  vision  with  that  eye 
impossible.  The  patient  is  now  to  he  asked  to  state  what  he  sees.  If 
vision  be  Jound  improved,  it  is  certain  that  it  has  been  accomplished  by 
the  aid  of  the  defective  eye. 

A  strong  concave  lens,  or  the  instillation  nf  several  drops  of  a  jwwer- 
ful  mydriatic,  may  in  the  .same  way,  iind  under  the  same  plan,  be  tried 
instead.  Kapidly  repeated  trials  with  various  weak  concave  and  con- 
vex lenses  or  similarly  coloral  translucent  and  transparent  glasses 
before  each  eye,  may  elicit  an  unintcutioaat  udtuission  of  visual  improve- 
ment in  the  affected  eye. 

Recourse  may  he  had  ic}  .Taval's  method,  of  first  having  the  patient 
read  some  type  with  the  good  eye,  whiliit  tiie  eye  which  is  said  to  be 
blind  is  covered  by  some  opaque  object,  such  as  an  ordinary  ruler. 
During  the  rending,  the  position  of  the  ruler  is  to  he  carefully  shifted 
so  as  to  exclude  a  portion  of  the  context  of  the  type  from  the  good  eye. 
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If  tlie  person  continues  to  read  properly,  he  is  using  tlie  pretenileil 
■lefective  eye. 

A  modi6cation  of  Snellen's  plan  of  having  the  letters  of  the  word 
JHlBUt*  painted  nUci'Dacely  green  and  red  on  u  wbitc  background,  is 
Wfry  QseM,  when  we  arc  able  to  quickly  place  nnd  aubBtitnte  the  siune 
Mreogth  of  re'l  and  green  iraiiKparetit  plain  gluKses  before  tlie  good  eye; 
ibe  word  property  vhan^ing  L<i  kin  when  ilif  rud  gltut»  \»  placed  liefore 
the  sound  eye,  hut  contintiing  tat  riiiKVU  if  the  .<)Upprined  liUnd  eye  be 
tctiiig;  so  with  the  green  glass  before  the  same  eye,  the  word  iced  will 
&lone  he  seen  if  there  is  no  deceit,  whilst  the  entire  word  FitiEM>  will 
be  «een  and  so  called,  if  the  avowed  non-seeing  eye  be  acting. 

If  high  myopia,  or  an  exaggerated  form  nf  any  variety  of  ametropia, 
He  complained  of.  the  study  af  the  fiindns-rcflex  test  may  prove  of  groat 
Bervic*. 

If  the  person  has  uaed  a  powerful  inydriatJc,  the  pu|iil  Jh  generally 
larger  than  that  which  is  usually  found  in  an  ordinary  case  of  nerve-dis- 
ease, and  the  iris  is  totally  insensible  to  stimulus  directnl  toward  it  or  the 
opposite  organ.  In  snch  cases,  where  it  is  possible,  the  suspect  should 
M  kept  under  surveillance  until  tlie  local  elUrct  of  the  drug  is  lost,  mak- 
ing sure  that  he  hm  no  more  secreted  for  coniiriued  nac.  If  absolutely 
nccesaary.  a  portion  nf  the  aqueous  humor  may  be  withdrawn  from  the 
anterior  chamber  aud  instilled  into  the  coujunctivul  cul-de-sac  uf 
another  eye,  ci)  see  whether  any  dilalatioii  of  the  pupil  will  be  thus 
produced.  It  must  not  he  forgotlen,  however,  thut  Fonlana.  speaks  of 
the  poH«iibility  of  the  malingerer  having  the  voluntjiry  use  of  the  iris- 
muscle,  by  which  he  may  produce  physiohjgiwil  ujvdriasit*. 

Artificial  ^encml  anx.sthesia,  ua  prupoi^Lil  luid  successfully  tried  by 
Uatchinson  in  a  case  of  feigned  disca<tc,  may  be  of  use.  After  the 
patient  is  ansesihetixed,  the  sound  eye  i»  to  be  covered,  so  as  to  prevent 
any  vision  with  it.  Just  as  he  is  recovering  from  the  effects  of  the 
aniesthetic,  and  before  he  has  any  command  of  his  intellect,  so  a.^  to 
allow  him  to  resume  his  deception,  the  sight  of  the  supposed  blind  eye 
if  to  be  tested  by  the  simplest  meiisures,  such  as  silently  oiTering  him 
various  objects,  or  placing  him  ap|jureutly  alone  in  seeming  positions  of 
immediate  danger,  etc.  Keeping  the  good  eye  covered,  whilst  every 
action  of  the  patient  is  constantly  watched,  often  makes  tho  imposture 
evident. 

H  hen  binocular  eti'cct  is  feigned,  the  problem  is  somewhat  diffii^ult. 
Here,  beyond  a  possibility  of  missratemcnts  obtained,  in  cases  where 
uuantitative  vision  is  affected,  by  rapidly  placing  various  lenses  before 
the  eyes,  no  subjective  ocular  teats  can  he  usefully  applied.  To  an 
edoCHted.  malingerer,  the  problem  i<t  much  easier.  He  has  simply  to 
set  like  a  blind  man,  or  behave  in  n  manner  similar  to  one  with  indif- 
ferent sight.  To  the  unintelligent  or  the  uninformed  malingerer,  the 
deception  is  very  diilicuit.  Ah  a  rule,  he  fails  to  play  the  part  prop- 
erly :  not  groping,  as  in  recent  cases,  with  wiiie-open  nnconverged  eyes 
and  Mmi-ailate«l  pupils,  but  quickly  closing  the  eyes  when  sudden 
movements  are  made  toward  them,  exprei>sing  great  dread  of  light,  and 
purposely  gazing  in  opposite  directions  when  n^ked  to  look  at  his  own 
Outstretched  hands.     He  in  some  instances  soon  reveals  his  deceit. 
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In  order  to  copo  successfully  witli  such  a  cftse.  ihe  potient  must  fee 
quietly  arid  persiatently  ivatdieO.  Sudden  feiiit«  of  striking  sliould  be 
made,  and  notice  taken  if  tliere  is  any  rwultant  lid-  or  iris-renex ;  tbe 
aiiH>sthctic  teKtft  should  have  several  Irinl.s ;  the  patient  should  be  placed 
Id  an  embaniuffiiug  position,  vrbere  good  eyesight  seems  necessary  for 
safety.  No  loop-hole  should  be  overlooked,  and  sooner  or  later  the 
reward  will  come  in  some  unexpect^  discovery  of  deception. 

Throujjtiout  the  examination,  the  examiner  must  guard  against  u.sking 
unneccsaary  nr  dclf-anawonng  f|UGStioTis,  or  oxjMwing  to  tlio  i-icw  of  the 

fmtient  any  of  the  materials  used  for  detection.  He  should  not  be  raid- 
ed by  real(  llmugh  slight,  ailmentu.  He  should  always  have  »  series 
of  proper  working-instruments  ready  for  action,  and  practise  their  use 
suflicicntly  often,  to  be  tborouglily  acquainted  with  their  manipulation 
whilst  employed  in  a  case.  He  should  draw  the  conclusions  not  only 
from  the  fuuUv  answers  given  to  l)ie  confuHiou-tests,  but  also  from  the 
consistency  of  the  patient'ii  assertions  an<l  aciiontt.  He  should  note 
everything  in  writing,  and  keep  the  records  in  a  safe  place,  so  tbat  all 
the  data  may  be  in  readiuess  for  future  examination  or  t^-atimoiiy, 
because  it  in  just  this  class  of  suhjecw  that  give  the  most  trouble  and 
annoyance  to  the  busy  practitioner,  by  taking  hiui  unawares,  and  mis- 
leading bim  by  means  of  knowledge  gained  in  the  interval. 

If  cue  case  be  truly  one  of  self-deception,  as  in  some  instunces  of 
hystoria,  the  psychic  effect  of  a  positive  a^isurance  that  all  m  right,  after 
a  careful  oxauiination  in  which  the  piitient  is  practically  shown  that  he 
can  see,  or  Harlan's  plan  of  the  application  of  a  wooden  imitation  of  a 
magnet,  may  be  tried  tu  advauLage. 

In  all  ocutiir  exfirninations,  no  matter  what  the  type  of  the  case 
be.  the  student  miist  remember  that  much  of  his  success  depends  upon 
the  care  he  give^  to  the  study  of  the  existent  condition,  and  that  more 
than  half  the  battle  is  gained  the  moment  he  has  fully  determined  what 


IS  ttiu  malt«r. 


CHAPTER   VII. 


OPHTHALMOSCOPY. 


It  has  been  well  olserveJ  tliat  the  art  of  usiri;;  thp  ophtlialmoecope 
tdvunuge  U  mnch  more  'Hfficiih  tn  acr^uire  thnn  thnt  of  using  any 
nistrumcnt  of  precision  which  the  be;;inner  may  have  put  in  his 
'in.  Many  students  imagine  that  tticir  success  is  complete  the 
xnoment  that  they  have  gained  u.ccee8  to  the  interior  of  uu  eve.  How 
TB^ue  and  valueless  ituch  a  belief!  How  much  remains  to  be  nccnm- 
plishcd  '.  Suppose,  for  a  moment,  that  they  li«d  been  plucetl  before  a 
iiitl  covered  window  situated  in  micli  a  position  lui  to  overlook  the  Grand 
£aza»r  at  Con.stantinople.  nnd  that  hy  a  series  of  ingeiiioiw  devices  the 
curtain  had  been  witlulrawn  so  that  many  of  the  wonders  of  the  world 
<_hMid  been  revealeii  to  their  f^aze.  What  wouhl  this  beautiful  maaaing 
bnt  a  heap  of  incongruity  V  Although  cognisant  of  the  generw 
character  of  each  article,  they  would  yet  he  unable  to  designate  the 
true  value  and  fiignificance  of  iinytbing  seen.  So  it  is  with  the  eye. 
The  beginner  in  ophthalmoscopy  has  acquired,  probrtbly  at  the  cost  of 
no  little  practice  and  trouble,  a  fair  knowledge  of  a  few  uf  the  clianges  in 
the  details  of  nerve,  vewel.  nnd  tissue;  yet  variations  are  so  perpetually 
found,  slight  but  significant  changes  are  so  maltitudinoue,  the  normality 
of  one  eye  is  so  closely  allied  in  appearance  to  the  gross  pnthologica] 
tcondilion  of  another,  and  unrecognized  obstacles  itnd  fresb  pictures  are 
rBo  QUincrouB,  that  even  after  many  yeiirri  of  constant  pnicliue  with  tljJH 
wonderful  roirror,  tlie  conscientious  observer  still  feels  at  ii  loss  to  under- 
atarid  the  siguifiaince  of  the  many  new  and  ever-clianging  mysterieti 
which  pr«>ent  tliemsetvee  to  his  view. 

First,  as  to  the  instrument  itself  and  the  theory  of  its  construction.  We 
may  recall  the  experiincnt  of  Mery,  who,  in  1704,  converted  the  anterior 
curved  area  of  a  cat's  refrikctive  media  into  a  plane,  by  immert<ing  tbe 
animal  beneath  tbe  still  surface  of  clwir  water,  this  procedure  alU^wing 
ifae  experimenter  to  gaze  itito  the  interior  of  the  animal's  eye  nnd  see 
the  fundus  details  Just  us  he  might  have  seen  tbe  peculiarities  of  struc- 
ture of  the  bottom  ofa  bowl  filled  with  water;  further,  reraetnbering  the 
l«a«e  with  which  the  myriad  changes  of  marine  growth  are  maile  visible 
fly  converting  small  areas  of  the  irregular  surface  of  the  sea  into  per- 
fectly smooth  planes  by  means  of  the  ingeniou.a  glass-boitoraed  boat 
used  by  scientific  dredgers — we  sec  that  there  is  something  necessary  to 
be  dislodged  before  the  details  of  tbe  living  fundus  oculi  can  be  made 
apparent  to  the  observing  liiunan  eye.  A  moment's  reflection  wilt  make  it 
evident  that  there  i^  some  peculiarity  in  the  surface  of  the  nnterior  fiice 
of  tbe  organ  that  so  persistently  hides  the  interior  of  the  eye  from  our 
view.  On  referring  to  the  section  upon  Anatomy,  we  find  that  the 
firout  surface  of  tbe  transparent  portion  of  the  eye,  through  which  light 
penetrates  and  escajies,  ia  convex  upon  its  outer  surface. 
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I^t  us  for  a  moment  stiirfy  the  course  taken  by  light-rays  iliut  enter 
such  an  optical  apparatus,  and  consiiler  the  chaiifios  that  euch  rays 
undergo  during  their  exit  through  this  area  from 
the  organ.  Were  the  cnnien  a  plane  flat  surface, 
the  entering  ravH  of  light,  a»  ran  be  readily 
imagined,  woulil  occupy  a  large  area,  and  the 
return  rays  by  vrhicb  the  bottom  of  the  eye  would 
be  made  visible  would  owupy  an  equally  large 
area,  thus  allowing  a  view  of  souie  portion  of  the 
fundus  of  the  eye  from  many  extraneous  pointa, 
just  as  in  the  ease  of  the  immersed  eye  of  the  cat, 
and  ill  tliut  of  the  bottom  of  the  t^ea  seen  through 
the  flal-bottomed  boat.  A  glance  at  Fig.  152, 
will  explain  this, 

Here  the  coin,  (',  in  the  bowl,  it,  will  be  visible 
to  an  eye  situated  at  any  one  of  the  points  n,  b,  c, 
d,  e,  f.  g,  h,  and  i,  aimpty  because  the  observing 
eye  at  any  one  of  these  points  is  in  the  direct  line 
of  the  return  ray  which  renders  the  coin  visible; 
there  being  notliing  to  uiaterially  interfere  with  the 
passage  into  the  eye  of  the  niys  which  give  rise  to  tfie  reflected  ray,  or 
ray  of  vision.  Were  the  impinged  surface  convex,  a*  in  Fig.  153, 
the  BBine  incoming  rays  M'ould  be  brought  to  an  earlier  focus,  f, 
witliin  the  bowl,  «,  and  but  few  rnvs  would  reach  the  coin,  c.  Just  as 
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before,  the  observing  eye  must  place  itself  in  the  path  of  the  return 
or  reflected  niy  from  the  coin,  to  see  the  coin,  c,  and  now,  instead 
of  the  coin  being  visible  at  all  the  extraneous  points,  it  can  be  seen 
only  at  the  points  d,  e,  and  f.  Again,  if  the  area  through  which  the 
light  enters  the  bowl  or  globe  be  decreaseii,  tlie  convexity  of  the  im- 
pingc«:1  surface  increascil,  and  an  additional  converging  power  placed  in 
the  interior  of  the  globe,  as  in  Fig.  l->4,  which  now  represents  the  eye, 
the  entering  rays  of  light  will  he  limited  to  still  fewer  central  ones,  in 
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viiieb  position  it  will  b«  necessary  for  tbe  observing  eye  to  place  itself 
before  it  can  see  the  coin,  c,  in  the  funilus  of  the  organ.  Unfortu- 
iiat«lj,  the  beam  of  entering  rays  is  »o  narrow  that  the  observer's  head 
cuts  such  a  shadow  in  front  of  tlio  eyv  that  it  is  ordinarily  iiD|>ossible 
for  the  eye  in  which  the  coin,  c,  is  atti^mptcd  to  be  seen,  to  recoivo  any 
extraneous  light  intu  its  interior,  anti  cvnse^jueiitly  the  fundua  of  the  eye 
ill  in  darknefcis,  and  failt<  to  emit  anv  niy  of  vision. 

Given  a  hollow  sphere  filled  with  a  material  of  strongly  convergent 
power,  a  sphere  with  but  a  single  opening  covered  by  a  curved  surface, 
which  thos  neoeasarily  can  accumtely  receive  but  a  few  central  rays — in 
other  words,  the  human  eye — -tlm  problem  resolves  itself  into  the  <|Uustion, 
How  can  an  observing  eye  be  pliured  in  the  line  of  the  omitted  ray  with- 
out interfering  with  the  impinging  ray?  H,  a.<i  i^  known  to  be  the  cajte, 
tho  hew!  of  the  observer  interferes  with  the  passage  of  light  into  the  eye, 
the  tinrt  thing  that  suggests  itself  is  to  place  the  source  of  light  between 
the  observed  eye  and  the  observing  eye.  Unfortunately,  however,  the  light 
itself— as,  for  instance,  ii  candle- fl mil c  or  a  gaa-jet — is  opanue.  and  the 
observing  eye  cnniiot  see  through  it.  The  thought  then  comes:  pierce  a 
small  hole  through  the  IJiinie  or  jet  large  enough  to  allow  the  observing  eye 
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to  liuve  an  area  through  the  beam  of  concentrated  light  into  the  observed 
eye  by  which  some  return  rays  may  enter  it  from  the  bottom  of  the  illu- 
minated eye,  thu5  giving  a  retinal  image  of  this  intra-ocular  point,  and  at 
the  same  time  made  sufficiently  Aniall  to  allow  a  ring  of  light  from  the 
candle  to  enter  the  ohserve<l  eye  for  the  purpose  of  illuminiilion  of  its 
interior.  This  con  be  easily  done  by  pushing  a  mctallJe  tube  (fastened  to 
a  screen  to  keep  off  glare  and  all  extnineous  rays)  through  the  flame,  as 
shown  in  Fig.  155.  Here  a  small  area,  A  it,  of  the  observed  eye,  s', 
may  be  rendered  plainly  visible  to  the  observing  eye,  i:,  by  the  return 
ray«  which  pa«>  through  the  hole  n,  in  the  ga.t-jet.  Hy  substituting  n 
reoeclor  with  a  central  hole  in  it  for  the  gas-tlame,  tube,  and  screen, 
and  placing  the  source  of  illnniiiiiLtioii  in  such  a  potiition  ils  to  allow  the 
rays  of  light  to  fall  upon  its  polished  surface  and  to  be  reflecte<3  into  the 
observing  eye,  wc  obtain  all  the  essentials  of  an  eye  speculum  or  on 
ophthalmoscope. 

It  is  interesting  to  study  the  mechanical  evolution  of  the  iustrument. 
First,  ii  is  curious  to  rclieei  that  even  in  spite  uf  Mery's  accidental  dis- 
covery— studied  in  1709  by  Lalliro,  who  showed  that  the  inability  to 
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see  the  cut's  cyc-grouncl  under  ihe  ordinnry  comliiion  of  nature  was  due 
to  refractU'e  clmncew,  wliicli  were  iieutralixed  by  the  overlying  water — 
the  scientific  world  sliould  liave  been  comiielloii  to  wait  more  than  a 
century  before  Kiissmatil,  in  1 84JJ,  by  iliswection  of  a  sheop'a  eye,  acien- 
tifically  showed  the  correctness  of  La  Jllre's  belief,  by  proving  it  to  be 
dependent  ii[Kin  the  presence  of  the  cornen,  tlie  lens,  ami  the  vitrnous 
humor.  Second,  come  the  experiments  of  Prevost,  of  Geneva,  in  IHIO, 
who  dhowed  thai  Cbo  mirror-like  retlcctions  which  were  at  times  seen 
issuing  from  various  animals'  eyes  were  produced  by  light  falling 
upon  certain  portions  of  the  eye-ground  (the  Capetum  luciitum  to  the 
temporal  wide  of  tlie  optic  nerve)  and  beinjf  refJei:te<l  back  into  the 
eye  of  the  observer  (an  observation  which  Tludolphi  justly  observed 
couid  be  obtained  only  when  the  eyes  were  placed  in  certain  iioai- 
tions).  Third,  IJehr's  ex|)eriment,  in  188it.  in  which  he  saw  a  rednish- 
yellow  reflex  issuing  from  the  jiniridic  eyes  of  a  little  girl ;  aiwisted  by 
Cuniniin;r8,  in  1846,  wiio  dit^pproved  of  the  strange  and  blae  liypotlietu^ 
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which  had  gained  general  belief,  that  it  was  impoMlble  to  see  into  the 
Intenur  of  the  human  eye  on  account  of  the  absorption  of  all  the  enter- 
ing rays  of  light  by  the  so-called  chorioidal  pigment :  forestalled,  though 
practically  lost,  by  the  imperfect  deduction!!  of  an  English  ophthalmic 
surgeon  from  the  study  of  an  Instrument  made  by  Babbage  in  1848, 
when  he  obtained  a  compound  reflecting  nnd  refracting  m4>dium  by  scrap- 
ing a  small  central  clear  space  in  a  surface  of  silvered  glass.  And, 
fourth,  thus  assisted,  disturbed,  nnd  even  anticipated  by  experimental 
research,  it  remained  for  the  genius  of  a  Von  Hehuljoltz,  in  1851,  aided 
by  further  evnlvonient  in  mevhnnical  constriictiim  nf  the  rudimentary  in- 
strument by  olhent,  to  mnko  the  ophthalmoscope  one  of  the  most  impor- 
tant piwes  of  instrumenlul  precision  ever  given  to  the  ophthalmic  surgeon 
and  genera!  pniclitioncr — a  inflstery  of  science  which  the  tlien  Profeaaor 
at  Koetiigsberg  gained  not  only  Ky  study  of  physiology  in  the  laboratory, 
but  also  by  careful  analysis  of  both  physics  and  mathematics  ;  a  reault 
that  baa  given  us  means  to  gain  access  to,  to  follow,  and  to  see  tlirough 
those  evanescent  yet  ever  dctinite  thi-ead»  yf  light  which  pans  tliruugh 
the  narntw  window  of  an  eye  and  illuminate  an  area,  access  to  whicli, 
by  careful  clinical  research  and  poiit-mortem  analysis,  has  enabled  us 
not  onlj  to  solve  llie  true  Bigniticance  of  local  diseoae,  but  also  to  make 
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clearer  the  monj  mjatcries  of  both  general  nerve  and  vascular  ilisturb- 
ince. 

Commencing  in  tlic  hnmls  uf  the  pructical  physicist  as  three  platea 
of  miflilvercd  glass  90  arrangotl,  a-s  can  be  seeii  in  Fig.  I06.  that  there 
shoald  be  a  thin  atratmu  of  an-  becwec-u  the  inner  surfaces,  a  contrivance 
vhich  possessed  both  refracting  mic)  rctleclin);  powertt.  and  which  to-dav 
ha«  no  superior  in  its  powers  vrheii  weak  iUuininatioii  Js  ^li^irable,  a»  in 
contracted  pupils,  or  when  stuil^  of  the  faintest  opacitien  in  ilio  metlia, 
or  of  the  slightest  change  in  the  tint  of  the  optic-nerve  head  ami  the 
blooil-columns  of  the  retina  is  ilesired,  the  present  form  of  perfected 
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macbinen'  has  passed  through  all  munner  of  devices :  mirrors,  convex, 
plane,  ami  concave,  even  combined  in  construction :  varying  sizes,  sliapcs, 
and  positions  of  sight-holes;  clips,  disks,  slides,  and  even  endless  ■ 
chains  containing  correcting  lenses  of  uU  chanicters  und  eomhiitationa ; 
pnama  for  reflecting  light  into  the  eyo-grnund;  short  bundles,  long 
ones,  stands,  head-bimdit,  and  attJichmentsof  ull  sorU;  binocular  iustni- 
menla  to  observe  with  both  eyes  at  once;  and  even  auto-ophthalmoscopra 
for  gazing  into  one'f>  own  visual  organs:  these  mechanical  change^ 
which  have  brought  the  instrument  to  its  present  state  of  perfection, 
have  all  occapied  the  minds  and  culled  forth  the  powers  of  constructive 
ingenuity  of  a  host  of  ecieatiiic  and  practical  observers. 

*rbe  best  instrument  is  one,  naturally,  which  combines  the  giving  of 
grestast  amonnt  of  results  with  the  liimplest  form  of  mechflnism. 
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This  may  be  obtained  more  or  less  ia  a  number  of  instruments,  but 
moat  prominent  amon^  these  is  the  improved  rofrBction  ophthalmoscope 
of  Lorinj^.  AUbough  b«  hart  contrived  special  forms  of  the  instrument, 
it  will  be  merclv  necest^iiry  here  to  speak  of  the  one  that  coDtains  must, 
if  not  all,  of  the  neceHKary  re<]iiirpments.  The  one  most  Id  use  in  the 
United  States,  and  in  fact  tbe  one  generally  preferred  here,  is  that 
ahown  in  Fig.  157.' 

Here  it  will  be  noticed  tliat  there  is  »  perfontted  mirror  attached  by 
a  joint  or  hinge  lo  a  post  or  screen  upon  whiuh  there  is  u  disk  contain- 
injr  a  series  of  lenses  an  arranged  as  to  afford  u  largf  nuiiil»orof  lenticu- 
lar strengths  tw  be  revolved  before  a  siglit-hole.  First,  and  miwt  im- 
poruint,  is  the  mirror  itself.  Concave  in  variety  upon  HCconnt  of  il« 
greater  power  of  concentration  of  light.'  of  about  fifteen  centimeter*" 
focus  as  the  best  strength  for  ordinary  work,  it  is  of  the  shape  of  a  par- 
allelogram, thirty-three  millimeters  high  by  nineteen  millimeters  brond, 
instead  of  beint  of  tbe  ordinary  circular  form.  It  is  swung  upon  two  pins 
which  arc  attaclietl  tn  the  screen.  iKua  allowing  a  tilting  motion  of  twenty 
degrees  to  the  right  or  loft  to  be  given  to  tbe  reflecting  surface,  and  yet 
keeping  the  sight-hole  tjuite  near  to  the  hole  in  the  screen.  The  object 
of  this  last  device  is  to  allow  any  correctiTig  lens  that  niiglit  be  placed 
behind  the  sight-hole  to  act  as  a  right-angled  medium  to  the  axis  of 
vision,  thus  avoiding  the  production  of  nrtiJicial  astigoiHtism  with  oon- 
secjuent  distortion  of  the  ophthalmoscopic  picture,  as  well  as  getting  rid 
of  the  toss  of  light  by  reflection  from  ihe  surface  of  a  correcting  lens 
should  it  bftvc  been  placed  at  any  otlier  than  a  right  angle.  Thesighl- 
hole,  which  is  circular,  is,  »»  the  result  of  experiment,  made  bm  three 
and  a  half  t{i  four  millimeters  in  diameter,  this  giving  the  best  Held  for 
the  return  nr  vision  ray  from  the  illuminated  eye-ground.  Practically 
there  is  no  depth  to  the  hole.  This  is  done  so  as  to  avoid  loss  or  dis- 
tortion of  lighc-raya.  It  is  accomptiBhcd  by  bevelling  the  metal  and  the 
mirror  at  this  point  to  the  greatest  degree  of  thinness  that  is  compatible 
with  [Irmnu»«s  and  safety.  Revolving  in  a  disk  so  placed  as  to  wheel 
any  dpsirod  lenticular  power  behind  a  screen  with  an  aperture  placed 
op|K>site  the  sighl-liole  of  the  mirror,  there  are  fifteen  tense*  so  minute 
in  size  and  so  triin  that  the  strongest  is  less  than  half  h  tnillinicter  thick. 
Seven  of  these  lenses  are  convex  spherical,  and  the  remaining  eight  are 
concave  sphericol.  Each  successive  iena  in  the  two  series  is  of  one  diopter 
difference  in  strength  from  its  predecessor.  The  special  strength  of  each 
contained  lens  is  designaled  by  an  eijnivalent  number — the  number  of 
the  convex  lens  being  painted  white,  and  the  nucnlK-r  of  the  concave  lens 
made  red.  A  remaining  apeniirc  in  tlu'  iliflk  c«»ntain«  no  lens.  For  the 
purpose  of  increasing  the  uumbination  of  theee  lens-strengths,  there 
is  a  quadrant  with  four  lenses — two  minus  and  two  plus ;  one  of  euch 


■  It  ha*  boen  tbotinbt  aim.  In*  text-book  of  dilc'li-H-tlpiliiti,  toHinrld  iiinkftigmiycoiiiiMjItPR 
bMWHn  Ibe  nenm  exMUani  vaiuru  of  workinv  niAcliincry  mivn  In  uw.  rewnlnii  uUs  for 
IIWllwi  *aA  %(mtd»1  book*  upon  UM  nihjc*?!.  The  pn-K-ni  tlcvRrliitlDti  lBgl*en  not  iin^  hacaute 
Ibe  unbor  tblniia  ibu  the  tbon  flmn  u  jusily  h  repraaniAUTo  iMtniniflat  wblob  oomblbw  mil 
tlw  «Mtiiilal>  ncmaniiT'  ttyi  k  ciompnahvnsli-r  trxplnnsUoii  cif  any  good  worklna  nodMl.  but  »ho 
beoMM  tn  Mb  ImMb  u  baa  uteu  ptoducUTo  of  tbe  bail  recnlia  «TMt  uail«r  u*  moot  <Uineu)t 
clrpnnivUiMuM— «  fimra  pmaonal  pmbrancB.  bowcm,  vrblrh  U  !•  bop«d  wiU  In  no  way  blaa  the 
vtina  ni  ujMM  wbo derirei  sfmb  ■»  iBatratMnt 
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fariety  equlling  s  balr-tliopttir  streiigtli,  so  as  t(>  gire  hsilf-cliopter 
4fli>reiioe  betw«en  0  ant]  7.00  plus  tiiopters  iitnl  0  and  H.50  mimis 
iliopterfl.'  and  the  other  of  each  variety  er]«aning  sixteen  diopters. 
The  high  plug  lens  serre*  lo  auj^iuent  the  plus  geriea  from  eight  diopters 
to  tweniT-three  diopters  by  differcncoa  of  one  diopter,  and  the  equivalent 
cinus  lens  serve*  tu  incrtaae  tlje  mlnu*  neriea  by  llio  samt-  difltrences 
from  nine  diopters  to  inenty'roiir  djnptent.  All  ilic  exiHiseil  parts  of 
the  instrument  which  oomc  opposite  the  eyes  and  the  light,  with  the 
exception  of  the  reflecting  and  refracting  portions,  are  made  markedly 
iWorbent  of  light-ray?  by  being  coated  with  riead-black  pigment.  The 
handle,  which  is  light  and  long,  is  so  constructed  as  to  be  easily  held, 
ind  at  the  s^ame  time  lo  give  excellent  balance  to  the  entire  raeclmnism 
when  it  is  supporltd  in  an  upright  position. 

Foeoetwed  of  such  an  instrument — so  light,  so  jwrfect  in  it«  constnic- 
tion.  and  so  easily  maniiged :  s<i  ttoniprelienKive  iti  itx  workinga  as  to 
idmit  of  securing  the  Iwxst  results  from  both  the  direct  and  the  indirect 
methods  of  examination :  tlini  i^ets  nside  so  many  optical  hiiidrnnces, 
nrirj  disregards  -so  much  of  the  ever-conflicting  refraction  changes: 
liiat  not  only  acts  as  an  ophthalmoscope,  but  also  serves  as  one  of  the 
iDoet  useful  ophthalmometers — -it  is  no  wonder  that  we  exclaim,  in  the 
vord«  of  its  lamented  inventor,  *'  In  the  whole  hiatorv  of  medicine 
there  is  no  more  beautiful  episode  than  the  invention  of  the  ophlhal- 
moaoope." 

Among  the  faults  in  teaching  the  art  of  ophthalmoscopy,  the  greatest 
IS  the  one  of  oinission — t.e.,  where  the  student  is  never  taught  to  obtain 
K  nonoal  basis  upon  which  to  place  tbe>  pathologlcul  pictures  that  he  will 
constantly  meet  with  in  bis  future  practice.  No  licalthj  eye-grounds 
have  b«n  shown  him,  and  hence  unihing  fnr  comparison  is  ever  asso- 
ciated with  bis  ideas  by  which  lie  cau  bav«  u  notiun  of  the  degree  of 
disturbance  of  the  tii^Hue^  lie  iimy  have  t^pri'ad  before  bin  uticdiiciiCed 
eye.  Do  we  ever  hear  nf  anymc  attempting  to  study  the  patbotogv  of 
a  microscopical  specimen  before  lie  has  become  fully  acquainted  with  ita 
uonosl  histological  appearance  V  How  erroneous  the  decision  of  auch  an 
observer  would  be '.  In  l'nct,  here,  just  as  elsewhere,  it  is  the  recognition 
of  slight  departures  from  health  thai  renders  the  ophthalmoseopist  the 
ost  successful:  it  is  the  minute  and  ordinarily  unrecognized  peculiar- 
ities in  the  incipient  st«ge»  of  dini^axe  that  give  the  cxaminntiDn  its 
greatest  value. 

Every  beginner  should  commonee  the  study  of  ophthalnioscopy  by 
endeavoring  to  examine  every  normal  eye-ground  that  may  be  thrown 
in  his  way.  For  this  purpose  the  author  has  many  times  taken  the 
advantage  of  seiecling  healthy  children  (these  especially  upon  account 
of  the  largeness  of  the  jtupil  and  the  clearness  of  the  incdiii.)  and  adult*' 
wbo  have  presented  themselves  for  aome  minor  trouble  not  connected 
wiili  the  eye  itself.  Ui-  lias  thus  been  enabled  to  obtain  a  better  idcit 
of  the  tine  of  henlttiy  nerve-substance,  and  to  secure  a  more  adequate 
iMtion  of  the  character  of  normal  vnscularity,  these  serving  as  excellent 
foundattoTia  upon  which  to  place  for  contrast  the  ever-varying  changes 
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of  color,  siKc,  [ind  condition  preseiitctl  \>y  ihese  maicrials  vfheii  nufTering 
&x>m  the  effecta  yf  grave  cotislitutioiml  disturbance  or  local  disease. 

It  must  be  remembered  Umt  iige,  condition.  i»>mp]exioD,  etc.,  play 
important  piirW  in  the  objective  nppwtianee  of  the  fMi-t-aUcd  cye-fri'ouna. 
A  bvalthy  child  at  six  years  of  aye  has  an  optic-nerve  ending  which  is 
totrtllj  different  from  that  which  the  same  8iilijec;t  will  preniMit  nRcr  thirty 
years  of  wear  and  tear,  even  though  he  should  remain  perfectly  strong 
and  hearty  to  all  uppcttnincea,  and  be  prttcticully  free  from  any  organic 
disease.  Time  will  produce  ccrtflin  chanj^cs  and  will  make  sucli  inroads 
upon  the  entire  syatera,  thai  here,  where  a  nerve  and  u  bloodvessel  are 
latd  bare  to  ihe  unobstructed  gaze,  the  retrognide  metamorphosis  will 
be  strikingly  visible. 

The  general  pigmentation  of  the  patient  olso  eaus^es  remarkable  pecu- 
liarities in  the  appearance  of  the  healthy  nerve  and  blood  material. 
This  can  he  exemplified  in  no  better  way  than  by  contrasting  the  won- 
derful ili&.*imilarity  hetween  tlie  healthy  eye-ground  of  a  negro  and  that 
of  a  Kurfjpcan  albino^a  lii-tsimllarity  so  great  that,  were  the  body  cov- 
ered Irom  view  iind  nur  kjiowledgu  gained  by  observation  of  the  fundus 
ahme,  we  should  find  great,  ilifficuhy  in  determining  whether  either  eye 
wa.4  in  an  absohitely  normal  state  or  not. 

Cuming  to  the  practical  aspect  of  the  rinestion.  there  are  many  minute 
obstacles  to  be  overcome,  which  give  rise  to  incalculable  trouble  and 
oflen  defeat  the  beginner  iu  Lis  attcmpl«.  To  these,  attention  will  now 
be  directed. 

We  have  seen  tliat  the  instrument  has  been  ao  contrived  as  to  illo- 
ininate  the  interior  of  a  wirnlowett  chaniber — an  eye — by  a  beam  of 
reflected  light,  and  that  the  observer  has  his  organ  of  vision  so  stationed 
behind  a  screen  ae  to  allow  him  to  gaze  into  this  chamber  through  the 
interior  of  this  benm  of  illumination  His  Brst  l&sson.  then,  is  to  learn 
how  to  keep  this  beam  of  light  directed  into  the  window. 

The  ro'tcu  having  biM'ti  darkened,  and  having  ohtaine<l  a  single  source 
of  steady  illumination,  which  preferably  should  be  an  organd  burner  or 
a  student  lamp  without  a  shade,'  placed  upon  a  t«ble,  or.  better,  fastened 
by  a  bracket  to  the  wall,  so  as  to  allow  free  motion  in  every  direction, 
the  patient  is  to  be  seated  on  a  straight-backed  chair  which  will  well 
support  his  back  and  head,  and  arranged  so  as  to  bring  his  eye  upon  a 
level  with  the  light,  about  half  a  meter  or  one  meter  (eighteen  or  thirty- 
six  inches)  in  fVoiit,  and  about  one-third  of  a  meter  or  one-half  of  a  meter 
(about  thirteen  to  eighteen  inches)  to  cbe  side  of  it,  thus  placing  the 
light  sufficiently  far  hack  to  prevent  any  direct  rays  irom  falling  upon 
the  patient's  cornea,  and  laler^illv  at  a  sufficient  distance  to  avoid  any 
discomfort  from  heat.  He  should  be  tohl  to  keep  both  eyes  open,  and 
should  he,isked  to  fix  the  unused  eye  upon  some  distant  object  or  some 
point  upon  the  dark  wall  of  the  opposite  side  of  the  room.     If  the  left 


I  If  ilndrxl,  ■  blu-ilniwl  chlmiinf ,  wiili-h  oah  bo  made  imiwluopni  In  IU  uppor  iwMblnk,  «a 
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Uyhl.  If  onlUmr;-  <lB>-ll|[hi  Ilium i nation  U  itpulml  or  it  KiiiitnA  ntiommry,  ll  mM>-  he  rpvllljr 
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tltlK  a  luiki  In  a  irluilow-«hiillitr  or  oiriniii,  .it  bv  rnuTUiit  I' 


tA  i>n«  ililf^.    Tlic  «imploFiii«Bt  ttf  clerinr  IikM  fur  illui. 
•U|iBe*lv«1.     rMinllf,  thn  aounv  oT  liliinilimtjon   lnv- 
ntucbed  tn  Ute  i>iilitlMlaiauwiie.oroii<Mirtlie  larger  kmi 


bv. 

i1|lti-  nt  a  wi nrlo\T-iliBi)vi  •lighiljr 

irimaea  hu  been  n«qiieutv 

H  nnaU  IncandfWfOt  toop 

<  1  frir  Uie  lamp  ar  (U'bunief . 


0FBTHALM09C0PT. 


211 


I 


tye  is  to  b«  examined,  the  patient  is  to  be  plnceil  on  the  right  side  of  the 
lijebt.  If  the  right  ejre  is  to  be  studied,  the  patient  is  to  he  seated  to  tbo 
left  of  the  light.  The  stuiieni  ahouhl  then  place  himself  in  front  of  the 
patient,  on  the  aame  side  as  the  eve  he  wishes  to  examine,  in  such  a 
position  lis  tn  make  tin  aii^le  of  nhoiit  fifteeii  to  thirtv  d4:;;reb»  opening 
b«tve«n  the  imtient'-s  ptipif,  hh  own  ptipil,  and  the  lirrht. 

This  will  cause  him  to  use  his  right  eye  in  examining  the  patient's 
right  eve,  and  to  employ  his  left  eye  iu  looking  at  thi;  patient's  left  eye. 

He  ftbouW  first  try  to  get  the  level  of  the  observed  eye  and  the  light 
•  fen  centimett-rs  below  his  own  eye,  which  can  be  done  by  the  uso  of 
Ml  ordinary  music-stool.  When  it  is  ncccwnry  to  examine  the  fundus 
of  a  pH.tieutwho  is  in  a  recumbent  position,  the  bent  plan  ib  tv  buvehim 
brought  ns  near  as  possible  to  the  side  of  the  bed.  ami  to  have  the  light 
held  in  the  same  relative  position  as  it  would  be  were  he  erect.  Often 
where  the  patient  has  been  too  ill  to  he  moved  from  his  position  in  a 
broad,  double  bed,  the  author  has  succeeded  in  exnmining  the  eyes  with 
his  oppoitite  eye,  eitlier  by  leaning  over  u  low  heud-board  and  having  the 
light  held  in  its  proper  place,  thufl  studying  tlit'  fundus  upsi<le  dftwii,  iu4 
it  were,  or  bv  lineeling  on  the  bed  idongxide  of  the  patient,  and  examin- 
ing the  eye-grounds  in  the  uaual  way.  If  the  patient  is  lying  on  one 
side  of  the  bed,  these  latter  proceclurea  are  necessary  with  only  one  eye. 

lu  order  to  avoid  leaning  over  the  patient's  person,  the  opbtbalmo- 
Bcope  is  to  be  held  in  the  Imnd  which  corresponds  with  the  eye  to  he 
examinpd.  The  instrument  is  to  bi>  grasped  between  the  thumb  and  the 
middle,  ring,  and  little  lingers,  the  forutinger  being  left  free  iu  order 
to  rotate  anv  desired  tens  in  the  ophthalmoscope  into  position.  The 
mstrument  is  then  to  be  held  uprigbt.  with  the  miiTor  turned  toward 
the  patient's  eye  and  the  light,  in  such  a  way  thai  the  observer's  pupil 
will  come  directly  behind  the  sight-iiole. 

There  are  two  uiethcHlh  usually  employed — the  direct  and  the  indirect. 
The  first  is  m  named  hecauw  the  fundus  of  tlic  observed  eye  ifl  studied  by 
direct  rays  proceeding  from  it.  The  second  is  so  called  because  the  rays 
of  light  are  received  indirectly  from  the  observed  eye  and  directly  from 
an  aerial  image  situated  in  front  of  it.  The  direct  method  of  examination 
will  bo  deecribed  first,  not  only  because  it  is  most  generally  used  in  ibis 
country,  but  also  by  reoson  of  the  genenil  superiority  of"  its  resulta  over 
those  of  the  other.  Here  the  dil)t>:ulty  nfbfing  compelled  tw  detennine 
in  B  measure  any  existent  error  of  refraction,  oofore  aceuraey  of  deuil 
can  be  given,  is  more  than  compensated  for  by  the  additional  precision 
through  the  increased  magnifying  power  in  obtaining  knowledge  of  ex- 
istent defects,  and  the  great  gain  it  gives  us  In  the  diagnosis  and  estima- 
tion i>f  ametropia  IMuciug  the  patient  iu  the  position  just  described 
and  holding  the  instrument  ils  directed,  bring  it  u]>  to  the  eye  to  be 
examined,  ^y  from  twenty  to  thirty  millimetei's  (about  threc-fourtlis  of 
an  inch  to  an  inch  and  u  half)  away,  as  in  Fig.  lo8. 

Do  not  gradually  approach  the  patient's  eye  from  a  long  distance  after 
baviDg  got  the  centre  of  the  beam  into  the  pupil,  »s  is  ordinarily  taught, 
but  at  once  place  tlie  instrument  as  near  tis  possible.  The  series  of  ocular 
gymnaatics  requisite  to  keep  the  reflecting  beam  of  light  Irom  the  opb- 
tnabnoscope  steadily  baliuiced  aud  preserved  in  the  pupillary  area,  whilnt 
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the  observer  is  approaching  the  organ,  will  thus  be  avoided.  Keep' 
eyea  open,  so  tbni  the  inipuUc  for  active  accommodation  with  the  ob«r** 
ing  eye  may  be  lessened.  Let  the  little  circular  shadow  tliat  is  <a»l 
upon  the  patient's  lids  or  eye,  caused  by  the  bole  in  the  mirrornot 
reflecting  any  ligbt,  fall  directly  into  the  patient's  pupillary  spHce,  u  it 
is  through  this  area  that  the  interior  of  the  observed  eye  is  seen.  Mwe- 
over,  the  mo?>(  useful  portion  of  the  illuminating  surface  of  tbe  mirror 
is  that  which  iiiimediatcly  surround)!^  thii^  area,  and,  in  fact,  conatitutee 
tlie  small  ring  of  reflected  light  which  gives  the  direct  illumination  of 
tbe  eye-ground,  the  rest  of  the  mirror-reflection  being  received  upon  the 
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R«liittni  pMltlnn  nf  iludeol  ami  potltnl  wbIM  emplojriiiK  Ibc  dlKCi  methoi]. 

iris  and  surrounding  anterior  Burfiices.  Tbe  student  ahotild  now  wheel 
ft  strong  convex  lens,  preferably  about  S.  Itj.  D.  to  S.  1 2.  D.,  back  of  tbe 
BJght-hole.  and  place  bis  eye  din-ctly  bt'bind  the  instrument,  so  that  he 
may  look  directly  through  the  len*  and  sigbt-hole.  If  auccessfiil.  he  will 
obtain  a  reddifih  glare  from  the  pupil  of  the  observed  organ.  If  this  are«  ^ 
of  glare  be  unifonn,  presenting  no  bardnefts.  blockis  dots,  spots,  or  stri»,  | 
and  if  the  periphery  be  free  from  iiTegularity,  be  may  feel  assured  that 
tbe  portions  of  the  cornea,  aqueous  buinor.  and  IcnH  thus  illuminated 
are  devoid  of  any  marked  disturbance.  By  rotating  weaker  and  weaker 
spherical  lenses  into  position,  thus  gradually  lengthening  tbe  focus  of 
the  examining  apparatus,  the  po8tcrior  portions  of  tbe  lens  and  the 
increaaingly  deeper  leveU  of  the  vitreous  can  be  searched  for  variously 
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iittEe(I*«>pflcitics  and  products  of  infiainniatorT  change,'  until  &i  \mt  tlie 
plwe  of  ihe  fundus  is  reached.     When   this  has  been   found,  search 
nhrnU  be  immciiaiely  mnrte  for  the  optic-ncrvc  ending.     This  h  the 
objective  {>oint  on  the  fundus  t')  ha  KOught.     To  find   it,  the  Htudeiit 
ihould  6rs!  tiee  tliat  the  patient's  eye  is  so  directed  as  to  pinee  the  dipk 
in  fwut  of  the  mirror.     To  effect  this,  he  should   he  made  to  look 
dinctlj  ahead,   and  then   to  turn   his  head  slightly  inward  without 
|iag  the  direction  of  bis  gaze.      This  mana?uvre  vrill   bring  his 
-nerve  ending  on  n  line  projected  directly  hact  from  the  aight-hole 
or  die  inslrument.     Or,  if  destred,  the  pulient  niity  be  told  Ui  direct  his 
ereshghtly  to  the  nasal  side  without  moving  his  ht>ad,  which  will  bring 
tiie  optic  disk  in  a  direct  line  with  the  ofihtlialmoscope.     Here  the  sur- 
.  jg/m,  vhtUt  looking  through  tlie  mirror,  has  the  macula  of  his  eve  fixed 
^■ipon  tlie  optic-nerve  entrance  of  the  patient's  right  eye.     If  the  pupil 
w  very  small,  a  slight  enhirgemcnt  of  its  area  can  be  frec|uently  obtained 
l>y  either  lowering  the  light  to  a  single  candle  power  or  changing  the 
(oirror  to  a  plane  one,  thus  reducing  the  direct  stimulus  to  pupillary  con- 

Itractiou,     It  may  also  be  accDinplialiud  by  having  the  patient  direct  his 
ejc  far  to  tlie  temporal  side  or  even  straight  ahead,  which  partially 
hftoovca  any  reflux  stimulation  by  the  third  pair.    Should  the  patient  be 
I  child,  its  attention  niav  be  attrncterl  to  sntiie  bright  olypct  or  :i  gnitdily 
colore*!  ribbon  or  card  held  a  few  feel  away,  and  kept  in  such  position 
^^Utal  the  child's  axis  of  vision  will  be  directed  lo  any  desired  point. 
Hlnfiints  can  fiTKinently  bo  made  quiet  by  reconrsc  to  the  gom  nipple  of 
^Bi  fecdine-bottle,  while  being  i^o  held  by  an  attendant  tbat  the  bend  rests 
^Klgainst  the  assiatant's  shoulder  and  arm  of  the  name  side  as  the  eyo  to 
be  examined.     If  the  nerve  cannot  be  found,  searcli  should  be  made  for 
a  vessel,  and  this  followed  down  until  the  disk  is  reached. 
^b     As  a  rale,  the  disk  appears  as  an  irregidarly  bordered  round  or  oval 
^■area  of  lighter  or  more  grayish  tint  thim  the  rest  of  the  eye-ground, 
from  which  may  he  traced  the  passage  of  the  retinal  arteries  itilo  the 

Kelina,  and  into  which  may  be  seen  entering  the  correspmiding  veins.  Its 
ize,  ahape  and  Itmg  axiit,  tint,  and  ajiparent  condition  should  al)  be  noted. 
To  do  this  best,  a  certain  routine,  as  it  were,  should  always  be  followed. 
Remembering  that  its  absolute  anatomical  size  is  about  one  and  »ix- 
tentbe  millimeters,  and  that  during  the  ophthalmoscopic  exaniiiutlion  Jt 
is  place*!  at  the  bottom  of  a  ctip  containing  a  transparent  mass  nf  mag- 
nifying material,  we  can  thus  readily  see  thac  we  can  determine  the 
amount  of  the  magnification  by  comparing  the  apparent  oplitluilmic 
ihi:  of  the  disk  with  its  real  »ixe ;  the  amount  being  expressed  in 
diameters.   Thus,  should  the  disk  appear  tn  be  about  eleven  milliiiieterB 

■in  iw  horiaontal  diameter,  and  about  thirteen  iiiillimeters  in  its  vertical 
ttiameter,  we  would  have  a  ilisk  whose  sixe  would  be  roughly  expre-s-sed 
by  the  words  *'  rlisk  7  X  H  diameters  in  size."  Should  the  nervf  head 
ftppear  about  thirteen  millimetei's  in  every  meridian,  the  noting  would 
f  '  Mkck,  fcVlbh.  coMcn.bard.  *r>1  tvcn  whlUxli. 

■  Tb»  uudviii  Mil  alaii  ivnUIU.  ihd'iicli  nxiKliiy,  tltiii-nuiiifl  Uie  «JilMeu»  and  patilM  nf 
fiiknsM  lo  Ihi'-  vilrrrni*.  Iir  i[i<-i,~l>  wiLti<nnKitiK  Uir  ••{•hthidmrmcoi*  tn  *bnut  tNCDtr-H**  di 
tktny-av«  oebUiiwlvn'  ili«uiive  fr'jtti  tbu  t'Vv.  siid  UUluti  t)iv  minor  In  vivlDwlMVMluid  *«tl- 
oil  olredlana.  AdnuiUfC  may  ftl»<>  tw  taken  of  tho  various  movvmcnMof  the  imUeni'*  eye*  la 
■oabitBdleL 
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be,  "disk  eight  diatiicters  in  she."  If  it  be  ovnl,  its  lonf^  axis  sliould 
be  written  ;  thus,  should  it  be  at  eighty  degrees,  the  noting  would 
read,  "  disk  7X8,  long  axis  ut  80°.'  Care  should  be  taken  to  note 
ivhctli(^r  there  i«  nny  iiTegularity  in  contour  and  surCice.  Thin  should  be 
folhjwed  bv  h  tlescnption  yf  its  tint  and  iippiirent  condition,  as  well  as 
the  scleral  ring,  coimses.  pigment  HpIotchiugH,  cuppings,  and  bordering 
haze.  Studv  should  be  inndc  of  the  comparntive  .size  and  calibre 
of  the  retinui  vessels  (using  the  apparent  size  of  the  di^k-area  aa  a 
guide)  their  tortuoaiiy,  their  roflexca,  atid  the  color  of  their  coDtnincd 
currents.  Kvcn"  disturbance  of  nerve,  retina,  and  chorioid  (dewignatetl 
as  at  HO  many  <1i!4k<diainetcr.s  from  the  edge  of  the  disk)  that  may  be 
seen,  is  to  be  i-ecorded. 

Care,  however,  should  be  taken  in  every  instance,  never  to  prolong 
an  examination  where  there  may  be  either  tin  active  or  a  subacute 
iuflamuiutory  euudiliun  of  the  organ.  The  refr?icliou  at  varioutt  points, 
8ucb  R8  the  dli»k-edges  and  the  region  of  the  macula  liitea,  »)hould  be 
estimated.  To  realize  more  thorou^jhly  the  amount  of  lens-power 
necessary  to  be  placed  in  the  ophthalmoscope  in  order  to  give  the  exact 
foi^u.'*  of  the  apparent  pOHition  of  any  intra-ocular  point,  the  following 
table,  taken  in  pari  from  Loring.  which  shows  appro.\imateIy  the  differ- 
ences ot  level  of  the  fundus  expressed  in  millimetera,  aa  seen  (hroogfa 
various  lens-strcnglhs,  may  be  used  : 
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By  either  employing  il  an  a  ready  reference  or  memorizing  it.  the 

relation  between  the  len»e.s  that  must  be  used,  and  the  absolute  aiiutom- 
lent  pfwitiun  of  the  object,  to  the  retinal  level  ut  the  point  studied,  can 
be  known  in  an  instant,  thus  giving  valuable  information  as  to  the  real 
lengthening  and  »hiirtening  of  the  globe,  the  elevation  and  depression 
of  intniHicular  growths,  dctachnieniA,  and  exoavHtiouH,  the  comparative 
positions  of  vitre«m«  opacities,  etc.  Kor  example:  a  disk  is  fotmd  to  be 
choked  and  so  swotlen  that  it«  extreme  anterior  part  is  seen  with  a  con- 
vex lens  which  is  live  diopters  atronger  tlian  that  required  for  the 
apparently  normal  portion  of  the  fundus,  Bhuwing.  by  reference  to  the 
table,  that  the  disk-head  is  pushed  1.88  millimeters  fnrwar<l  into  the 
vitreous;  or  the  fibres  of  the  head  of  the  nerve  may  he  so  pushed 
backward  against  ihemselvea  lu  a  raKu  uf  glaucoma,  by  increased  iatra- 
ociilar  pressure,  that  a  minus  three-<liopler  lens  may  be  reijnired  to  see 
the  bead  of  the  nerve  in  this  position,  showing  thai  there  has  been  a 
pathological  cup  formed  which  is  O.iH  millimeter  in  depth. 
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A  rough  esiimatc  mBj-  also  be  quickly  iibtaincd,  especially  in  ncrvc- 
cuppingf),  or  irregularities  of  level  in  the  eye-grounj,  by  study  of  the 
pHralUcUc  (iisplacemeiit  pruduced  by  cjuick  sKi'ce^uve  movements  of  the 
convex  leiw  during  the  employment  of  the  indirect  method.  If,  for 
instance,  the  bottom  of  a  pathological  excavation  be  focuBsed  for,  the 
ei]ge  of  tiie  nerve  will  move  as  a  dim  ring  across  the  cupped  area  at  a 
grejiter  speed  iban  the  cup  it*elf.  So,  too,  with  lot-alized  awcllings; 
.the  summit  of  the  m&as,  being  neaif  r  to  tho  o'bservet'  than  tho  bottom. 
II  less  (uccaruon  to  perform,  and,  in  consequence,  moves  the  more 
^oickly. 

Rough  sketches  of  the  general  appearance,  not  only  for  fiitnr«  use 
hut  also  for  present  study,  should  be  frequently  made.  Hoab's  sheets 
of  plain  eye-grounils,  composed  of  uniform  surfaces  of  cinnabar-red 
laid  over  a  ground-color  of  yelloTr,  arc  extremely  valuable  for  such 
work.  More  accurate,  even  nheii  roughly  marked  and  scraped,  than 
mere  pencil-sketches  ;  quicker  :i8  a  meifCiH  of  obtaining  the  desired 
result  than  the  ordinarily  more  difficult  pen-drawinge;  eiiaier  to  under- 
ttland  than  the  most  extended  ex[ilanatory  detail,  and  less  troublesome 
than  the  usual  water-color  drswJnj^,  by  reason  of  a  ready-prepared 
triple  background  or  '*  wa.sh,"  wliich  partly  represente  the  dominating 
colors  of  the  retina,  chorioid,  and  sclerotic  in  their  anatomical  order, 
it  will  be  readily  seen  how  such  shccLt,  so  easily  preparc<l,  can  be  made 
to  become  most  excellent  graphic  data,  either  for  hurrit-dly-made 
skeichea  for  future  reference,  or  for  slowly -prepared  drawings  for  per- 
manent accurate  represenlJition.  By  this  menns,  the  appearancc-S  of 
the  most  u)inut«  changes,  which  in  time  will  serve  as  valuable  objective 
data  upon  which  to  formulate  diagnostic  and  prognostic  opinions,  will 
soon  be  recognized.  Iji  order  to  appreciate  thoraughly  the  pcculianties 
of  coloration  which  constitute  so  caaential  a  factor  in  the  proper  estima- 
tion of  the«e  sketches,  they  .should  be  studied  under  the  same  condi- 
tions as  those  under  wliieli  they  wen^*  <»riginallv  niaile  :  in  other  wordi^, 
they  should  always  he  examined  and  critici-seii  during  exposure  to  the 
same  character  of  illumination  as  was  used  wheo  the  eye-ground  was 
looked  at.  Tiffany 't<  plan  of  projecting  and  sketching  the  futidus -details 
upon  a  gauged  sheet  which  is  situnted  at  a  definite  distance  behind  nnd 
to  one  side  of  the  jraticnt  so  as  to  he  Keen  by  the  surgeon's  fcUow-eye, 
just  as  we  do  in  sketching  with  the  miemscope,  is  very  useful,  provided 
that  the  observer  is  not  pre?(byopic  and  is  nmhidexterous. 

Thus  far,  photograpliic  repi'uiluction  of  the  futidus  i^culi  is  no  devoid 
of  iletail,  the  apparatus  is  sn  complicated  and  cnmbersome  in  its 
uievhanism.  and  the  necessary  manipulation  is  so  difficult,  that  little 
a<lvimce  has  been  made  in  the  method.  It  is  probable,  however,  con- 
sidering the  daily  increasing  facilities  in  the  art  of  photography,  and 
the  likelihood  of  early  success  in  obtaining  color  dilTercntiation  by  this 
means,  that  the  plan  will,  in  the  future,  be  successfully  employed. 

Remember  that  one  hour  spent  in  sketching  a  single  eye-ground,  no 
matter  of  how  little  apparent  value  the  sketcli  may  be,  in  oeaociiition 
with  an  extended  verba!  ilescription,  is  of  infinitely  greater  value  than 
would  be  a  dozen  hours  occupied  with  "peculiar  and  interesting  back- 
grounds," hastily  and  carelessly  looked  over.      The   author   cannot 
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refrain  from  }<iving  to  every  young  reader  of  these  lines  n  few  wortUcf 
advice :  In  your  student  dare,  learn  to  sketch,  no  matter  how  crtji]t<  iht 
picture  rimy  be. 

Although  not  so  frequently  needed  in  this  method  lu  in  the  indirMi, 
ou  account  of  the  neariies?  of  tlie  observer's  eye  to  tlie  pupil  of  ite 
patient^  the  use  of  mydriatics  nliould  be  avoided  ns  much  as  possible 
The  interior  of  the  eye  should  b«  sought  tlirough  Nature's  ordimr^ 
window,  and  ihe  frequent  enrly  i[i»>app ointments  will  be  amply  repaii 
Inter  on,    by  the  exceptional    facility   that  will    have   been   aoquftd 
thruuuh  not  bfing  du|iendeut  upon  urtiKcial  uieuus,  even  iu  the  ia«et 
difficult  of  cHwe^t.     M'licri-  it  is  abaohitely  necessiiry,  oa  in  the  stuilyof 
minute  changes  in  the  macular  region  (this  region,  upon  account  of  ill 
grent  sensitiveness  to  light,  causing  prompt  pupillary  contractioD.  tbtu 
lessening  the  aperture  which  is  always  occupied  by  the  »criea  of  cornnl 
reflections  which  surround  the  poiut   of  the  visual  axis),   or  io  ll» 
peripheral  jiorlions  of  the  eye-ground  and  lens,  or  in  cases  of  mjOEtij  m 
central  opacities  iu  the  meflia,  the  most  evanescent  of  the  mydriatics,  sndt 
flscocaiiieorhoiiiatrii[)i[ie,sliouhl  be  u»ed,)4othat  the  patient  will  nutsaScr 
many  of  the  inconveniences  from  the  after-effocLs  of  the  drug.    If  homal- 
ropine  be  employed,  the  liydrochloride.on  account  of  the  large  proporlinn 
of  the  idkaloid  it  contain?,  its  extreme  solubility,  and  its  greater  free- 
dom from  deliquescence,  is  much  the  best  form  of  salt.     The  solotion 
should  be  made  in  small  quantitiefi,  and  eliould  be  frequently  changed. 
In  every  caite,  it  is  b«it  to  state  plainly  to  the  patient  vhai  is  being 
done,  and  to  describe  the  physiotogicul  effect  of  the  material.  »o  that 
there  Hhiill  exist  no  chance  for  inedico-Iegal  action  hasi^d  upon  the  sup- 
position thitt  a  failure  of  eyesight,  whieli  was  previously  present,  ha* 
dated  from  the  time  of  instillation,  and  in  fact,  has  beea  caused  by  its 
use.    A  note  should  be  addeil  to  the  description  that  the  drug  has  been 
used,  and  the  amount  staCed,  so  that  there  may  be  distinct  record  of  it» 
employment  in  i)ie  case.    Except  under  advice,  where  it  may  be  impor- 
tant to  liave  a  critical   examinntioii  of  the  eye-ground,  do  not  use  « 
mydriatic  in  idtl  siilyects  with  increased  tutni-ocular  tension.     If  it 
becomcji  necessnrv  to  use  it,  emplov  one  of  the  weaker  forms,  and  be 
sure  to  instil  sufficient  cserine  in  frequently  repeated  and  small  uuDUDts. 
until  all  danger  of  a  glaucomatous  outbreak  has  passed  away. 

At  first,  no  endeavor  should  be  made  to  see  the  eve-ground  with  the 
tens  that  h  Kuppoeicd  to  be  the  one  that  corrects  the  rofmctivo  error. 
Let  the  eye,  as  it  were,  act  pa-saively.  Observe  quietly,  and  imagine 
that  the  fundus  is  at  a  distance,  just  as  though  a  landscape  were  being 
viewed  through  nn  open  window.  The  fundus  is  to  be  obtaineil  with 
any  lens  possible,  and  the  observer  will  soon  find  that  as  the  details  of 
the  picture  become  easier  to  sec,  the  conscious  effort  to  see  lessens,  and 
the  mental  desire  to  focus  for  an  object  which  he  knows  is  in  reality 
very  uear,  decreases,  enabliug  him  to  approximate  nearer  and  nearer  to 
the  refnictioii.  until  at  last  the  difference  between  his  ophthalmoscopic 
estimation  and  the  true  error  will  often  b«  but  trifling.  A  good  pfm 
to  relieve  oneself  of  undue  acoommodotive  effort  in  such  work,  is  to 
take  a  rather  strong  convex  spherical  lens,  say  S.  5.  D.  (-f  J  sph.).  or 
more,  and  cndeuvor  to  read  fiue  type  placed  at  its  focal  distance. 
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The  observer  must  not  expect,  however,  that  he  will  be  able  to  relin- 
]aish  entire  hold  upon  his  accommodatioo.  The  finest  work  and  most 
lelicate  approximation  of  one  day  will  often  be  far  outweighed  bj  the 
^eat  discrepancy  of  the  next.  To  hope  to  estimate  the  refractive 
change  of  an  eye  with  equal  facility  every  day  would  be  about  as 
ftbaurd  as  to  expect  to  put  the  same  number  of  steps  into  any  definite 
jistance  repeatedly  walked.  Again,  he  must  remember  that,  as  a  rule, 
in  uninstructed  and  untaught  patient  is  brought  into  a  new  field,  and 
hence  very  frequently  uses  his  accommodation,  especially  if  the  room 
be  not  very  dark,  and  if  he  be  enabled  to  fix  upon  some  near  object. 
Of  course,  this  ia  greatly  lessened  when  a  well-trained  patient  is  exam- 
ined, so  that  possibly  it  would  be  well  in  some  instances  to  exercise 
with  this  class  of  patients  before  an  examination  is  attempted  with  the 
more  difficult  subjects.  If  the  student  pousesses  no  clinical  facilities 
for  examining  large  numbers  of  patients,  one  of  the  many  artificial 
eyes,  such  as  Perrin's,  may  be  employed  to  advantage.  Here,  by  modi- 
^ing  the  width  of  the  pupillary  aperture,  and  changing  the  refractive 
power  of  the  contrivance,  the  different  eye-grounds  painted  on  the 
adjustable  shells  can  be  studied  under  a  variety  of  conditions. 

To  obtain  a  view  of  the  macula  lutea  when  the  pupil  is  undilated,  the 
ophthalmoscope  should  be  carefully  moved  slightly  upward  and  inward 
toward  the  bridge  of  the  patient's  nose,  so  that  the  point  of  the  line  of 
the  observer's  vision  upon  the  patient's  eye-grouud  shall  move  about 
two  to  two  and  a  half  disk-diameters  outward  and  somewhat  downward 
from  the  temporal  border  of  the  disk  itself.  Where  the  pupil  is  dilated, 
or  even  in  many  instances,  especially  in  the  young,  where  it  is  not,  a 
good  view  may  be  obtained  of  the  same  region  by  having  the  patient 
gaze  directly  into  the  sight-hole  of  the  ophthalmoscopic  mirror.  The 
unused  eye  should  always  be  kept  open,  so  as  to  have  full  view  of  sur- 
rounding objects  and  to  avoid  any  associated  "  nipping  together  "  of  the 
lids  of  the  used  eye.  The  observer  will  soon  learn  to  disregard  the 
images  formed  in  the  unused  organ,  just  as  he  does  in  using  the  micro- 
scope. 

If  the  observer  has  any  optical  error,  it  must  be  corrected  by  proper 
lenses,  either  worn  at  the  time  or  placed  in  the  sight-hole  of  the  oph- 
thalmoscope by  some  mechanical  attachment.  If  he  desires,  he  can 
resort  to  the  more  difficult  plan  of  taking  his  own  refractive  error  into 
account  in  every  estimation  of  refraction  that  he  may  make— a  method 
that  becomes  comparatively  easy  when  the  dioptric  system  of  measure- 
ment is  used.  By  this  plan,  he  renders  his  eye  emmetropic,  which, 
when  he  has  learned  to  disregard  his  accommodation,  will  permit  him 
not  only  to  estimate  the  patient's  ametropia,  but  also  to  make  absolute 
determination  of  measurements  of  heights  of  swelhngs,  as  in  intra- 
ocular tumors  and  choked  disk,  amounts  and  degrees  of  neuro-retinitis. 
situations  and  extents  of  retinal  detachment,  depths  of  glaucomatous  and 
atrophic  excavations,  etc. 

The  indirect  method  is  of  so  much  value  in  certain  cases,  as  in 
high  myopia,  and  gives  so  much  larger  field  of  vision  in  which  coarse 
changes  can  be  very  quickly  and  conveniently  located,  that  a  detailed 
account  of  the  procedure  is  necessary. 
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The  same  plan  of  examination  \s  pursiieil  as  with  tlie  direct  ezA^ 
except  thai  here  the  obaerver  should  sit  about  half  a  meter 
eighcccn  inches)  in  front  of  the  patient,     (tig.  159-) 

The  ophthalmoscope  is  to  Itc  hctrl  with  the  "hand  correspondiug 
eve  to  l>e  examined,  in  the  manner  pi-eviouslv  directed.  If  thi«  be?  ** 
correctly — which,  if  nut  very  expert,  the  observer  can  readily  deterrx*  ■ 
by  closing  the  unu5e4l  eye  for  a  moment — a  reddish  glare  will  be  obt-n  'fZ 
from  the  pupillary  area  of  the  paliem.  After  having  secureJ  thiag^^J 
a  plain — or  if  preferred,  a  blue-tinted — convex  lens  ol  about  eigbc-^* 
dioptem  (^  8ph.  focu»)  is  to  be  held  lightly  betw««n  the  thHtni)  ^^ 
forefinger  of  llie  unused  hand.  As  this  method  of  examination  i*  * 
frocjHcnt  in  this  country,  the  blue-tintoil  lens^whieh  by  ita  color  til*^^ 
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out,  as  it  were,  the  irritntiiig  ydluw  rnys  of  the  artifioial  light  and  pUcce 
the  most  ^enisitive  vyv  in  an  area  of  illuminatiDii  which  can  be  better 
borne,  at  the  HAiiie  time  so  lessoning  the  light-stimulus  aa  to  produce  a 
larger  pupillary  aroa  to  work  in — is  hut  little  used.  By  now  placing  the 
middle,  third,  and  little  fincers  upon  the  outer  part  of  the  .sujira-orbital 
ridge  of  the  patient's  eye.  the  observer  will  be  able  to  keep  the  focus  of 
the  Converging  lens  whei-cver  he  desires,  without  disturbing  the  patient 
bv  placing liisliand  and  arm  across  the  patient's  face.  This  plan  lias  tJie 
arHitional  advantage  of  allowing  the  surgeon  to  change  readily  lo  the 
direct  method  with  the  greatest  rapidity,  and  permits  the  tip  of  the  third 
finger  to  be  of  service  in  elevating  the  uppi>r  UJ  for  better  view,  or  in 
making  pressure  upon  the  globe  to  provoke  venous  or  arterial  pulsation, 
Eiideuvur  should  be  made  tg  keep  the  red  glare  from  the  pupil  con- 
stdntlv  in  view,  whilst  ilie  nphthultuo$cope  and  objcct-lens  should  be 
incline<l  in  various  directions,  jmd  cliangeaoiado  iu  their  dintauced  Irom 
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each  other,  from  the  light,  and  from  the  patient's  eyes.  After  having 
sacceeded  in  this,  the  patient  should  turn  his  head  and  eyes  slightly 
inward,  which  will  not  only  bring  the  region  of  the  disk  into  view,  but 
will  also  allow  a  more  ready  relaxation  of  accommodation.  If  the 
instrument,  the  lens,  and  the  eyes  be  in  proper  relative  positions,  the 
disk  will  be  seen.  Should  this  appear  dim  and  badly  defined,  the  lens 
and  ophthalmoscope  should  be  carefully  moved  backward  and  forward 
until  there  is  a  sharp  and  clear  image.  The  observer  must  remember 
that  this  image  is  aerial,  and  is  situated  at  or  near  the  focal  distance  of 
the  lens  between  the  lens  and  the  ophthalmoscopic  mirror.  It  is  to  this 
point  that  he  must  direct  his  gaze.  Moreover,  he  should  understand 
that  this  image  must  be  both  reversed  and  inverted,  thus  explaining  why 
everything  seen  in  the  fundus  moves  in  an  opposite  direction  to  the 
motion  given  to  the  lens.  To  better  understand  tins,  the  following 
arrangement  of  figures  will  show  the  relative  positions  of  objects  in  the 
eye-ground  in  the  two  methods : 

t 
1 

2      3  8  5 

4 

T 

(Dtnct.)  {Indirect.) 

Care  should  be  taken  not  to  mistake  any  confusing  corneal  and  lentic- 
ular reflexes  for  an  imperfect  picture  of  the  eye-ground.  A  slight 
movement  of  the  patient's  eye,  or  the  \eaat  tilt  of  the  mirror  or  lens, 
will  readily  disclose  their  nature.  By  the  employment  of  a  convex 
lens  weaker  than  twenty  diopters'  focus,  a  much-increased  size  of  the 
details  of  the  fundus,  though  situated  in  a  smaller  or  more  faintly 
illuminated  area,  may  be  obtained.  It  is  a  good  plan  to  make  use  of 
both  a  strong  and  a  weak  lens,  employing  the  former  for  general  study, 
and  the  weaier  for  accuracy  of  detail.  Loring  recommends  a  twenty- 
four-diopter  (1^  sph.)  lens  in  some  instances  where  an  area  of  highly 
condensed  light  is  desired.  Except  for  the  purpose  of  re-magnifying 
the  aerial  image,  which  may  be  done  either  by  a  compound  object  lens 
situated  between  the  aerial  image  and  the  mirror,  or  by  a  convex 
spherical  lens  of  about  four  or  five  diopters'  focus  behind  the  mirror, 
no  correcting  lenses  need  ordinarily  be  used  by  the  observer.  If,  bow- 
ever,  he  be  presbyopic,  and  is  compelled  to  move  the  instrument  so  far 
from  tlie  aerial  image  in  front  of  the  lens  that  proper  illumination  of 
the  interior  of  the  patient's  eye  is  impossible,  a  suitable  convex  lens 
must  be  wheeled  back  of  the  sight-hole  of  the  mirror.  This  is  done  in 
order  to  permit  a  much  nearer  approach  to  the  image,  and  to  allow  a 
stronger  illumination.  Should  the  observer  be  hypermetropic,  especially 
if  he  he  highly  so,  a  convex  lens  is  often  just  as  necessary.  If  he 
should  be  laboring  under  a  myopia  greater  (or  even  somewhat  less)  than 
the  distance  between  the  objec^lens  and  the  aerial  image,  a  correcting 
concave  lens  becomes  of  service.  If  the  myopia  be  less  than  this,  he 
may  be  able  to  place  his  eye  sufficiently  far  in  front  of  the  aerial  image 
to  see  it  properly  without  a.correcting  lens.     The  state  of  the  patient's 
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refraction  atii!  power  of  accoinino'lation  also  pkys  an  ituportiint  piirt  tn 
the  techiiiquti.  giving  to  cacli  ocular  cooilition  a  pcculinrit^v  of  pictui'e 
that  iJirtlinguishea  it  frriiii  all  othora.  After  imvinj;  obtaine<i  a  ^ood 
view  of  ttie  ilislc,  triul  should  be  made  to  study  tbe  itiirrountling  portions 
of  tlie  fundus;  tliis  chii  be  eunily  dyne  by  counter- mo veraeii is  of  botb 
the  object  lenn  and  tbe  oplithidmoscope  airny  from  the  itide  deftirtHl  to 
be  seen.  If  it  be  desired  to  examine  the  portion  of  the  eye-ground  which 
is  anterior  to  the  e(|uator  ut'  the  eyehiill,  or  ei'cn  that  portion  which  is 
anterior  to  this,  the  magnifying  Ions  may  be  ground  to  a  prismatic  eur- 
fiice.  During  nse.  the  apex  of  the  combinntion  lens  muet  be  always 
directed  away  from  the  centre  of  the  pupil,  which  in  most  instances 
should  be  dilated. 

he  student  must  nut  hesitate  to  make  use  of  this  method  in  every 
that  he  may  deem  proper,  as  it  may  prove  of  great  value  Wtli  in 
asHociation  with  thctlirect  method,  or  when  used  alone  in  coses  that  may 
may  necessitate  something  more  than  the  ordinary  procednre  in  obtaining 
luierjuate  anewer.  He  should  become  thoroughly  conversant  with  its  work- 
ings, so  ivi  to  give  liimHc-lf  another  meanH  of  precision  ;  and  his  success 
in  diagnosis  from  it*  orajiloyment  will  often  be  much  greater  than  if  he 
confined  hini&eir  to  the  direct  method.  Kach  plan,  Iiowever,  has  ite 
capabilities,  and  hence,  in  doubtful  cases,  recourse  must  be  htu\  to  both. 
As  has  been  been  shown  in  the  preceding  groupings  of  figures,  the 
magnifying  power,  as  well  a.s  the  extent  of  fundus  seen  itt  a  single  glance. 
is  very  different  in  the  two  methods.  In  thcdij'ect  plan,  when  the  surgeon's 
eye  and  the  observed  eye  are  as  near  togetlier  during  the  uxa-mination  as 
prectiaible,  and  wlicn  tlic  patient'^  pupil  is  about  four  niilliiiietcrs  in  size, 
the  ophlhalnl<l^^.■'|pic  field  occupies  an  area  of  about  two  millimeters — 
an  area  sufliciuiit  to  include  a  tittle  more  of  the  fundus  than  the  width 
and  the  height  of  the  optic  disk.  Of  course,  it  can  be  readily  under- 
stood that  if  the  window — the  pupil — through  which  the  surgeon  looks, 
be  wider  open — or  dilated,  as  we  oniinarily  say^ — ^ihc  field  of  view  mill  be 
more  extensive.  .A.gain,  the  extent  of  the  illumination,  the  comparative 
ilisiaTice  between  the  two  eyes,  and  the  interplay  uf  uccommoiUtive 
powers,  all  enter  into  the  question. 


i-oinfMtrauv«  daw  nf  mliiul  tinnim. 


One  of  the  easieat  plans,  though  not  an  Bbsolutoly  accurate  one,  of 
eetitontiug  the  magnifying  power  of  the  method  as  genennUy  useil,  is 
first  to  know  the  distance  at  which  any  nhjent  i))  seen.  Suppose,  for 
instance,  in  Fig.  IttO,  that  an  object,  a  n,  which  is  situated  eight  inches 
fmni  the  nwhd  or  croaaing  point,  K,  of  the  eve.  K,  produces  a  retinal 
image,  h  a,  of  a  definite  size,  it  will  be  seen  that  the  snme  object,  a  b, 
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if  brought  to  a'  B'  at  two  inclies  from  the  same  nodal  orcroasing  point, 
K.  win  proituce  an  o]iti)ing  aiiglu  upon  the  retina  which  includes  a 
rethial  ann.  b'  a',  that  will  Dc  four  ti^K^B  grcitlcr  than  its  predecessor, 
b  a.  Bv  now  usine  the  eight-inch  point  as  the  one  of  "  distant  risfual 
distance,"  it  ran  De  employed  for  comparison,  provided  tlie  optical 
ct-ntro^  of  the  lenses  in  the  eye  exactly  coincide,  and  that  acconimodn- 
tive  action  be  diinrcgnrdcil.  Assuming;  that  it  is  correct,  and  knowing 
that  the  mngnifying  power  of  the  dioptric  apparatua  at  the  retinal 
plane  can  be  obtained  by  dividing  this  assumed  distance  by  the  focal 
length  of  the  combined  strength  of  tho  Ictiticulnr  Hysu-m  of  the  eye, 
which  has  been  calculated  to  be  equal  to  6]*^  Paris  lines,  all  that 
do  is   to  divide  the  eight    inches  by  the  6j'q    lioea, 

(14i(),   showing  that  the  refractive  power 


IS 


neceaesiy  to 

^„.  ?_^r^ —  =  14*4 

_         «,\        6.7'"  " 

'  AD  emmetropic  eye,  is  sufficient  to  give  an  apparent  enkrgenienl 
if  the  fundus- details  to  fourteen  and  one-third    times  their  normal 
[magnitude,  thus  allowing  us  to  obtain  at  times  very  close  actual  meos- 
'tirementjt  of  fundutt-detailn  during  life. 

If  the  observed  eye  be  short  in  its  antero-posterior  diiimeter,  or  if  itn 
retractive  power  be  too  weak,  thug  allowing  less  lenticular  etrength.  as 
in  bypermetropia  or  aphakia,  for  instance,  the  ophthatmoscopie  picture 
will  be  gmaller  than  that  which  is  found  in  the  emmetropic  eye.  Ou  the 
other  hand,  if  the  dioptric  systems  of  the  eye  be  more  than  ordinarily 
reat,  as  in  myopia  or  in  more  marked  density  of  the  crystalline  lens 
seen  in  many  caisei*  of  incipient  caturuct,  the  increase  of  refmctive 
power  will  render  the  ophthalmoscopic  appearance  of  the  fundus  much 
larger  than  ordinary. 

Although  the^  three  general  observations  are  in  the  main  true,  yet, 
as  before  noticed,  ordinarily  so  many  anatomical  discrepancies*  may 
exist  and  so  much  is  (le|H-iident  upon  the  slighti^st  variation  oi'  the 
optical  eonstanLt  iiitsuniwl  during  ihe  procedure,  that  they  can  be 
iMcepled  only  as  (jeneral  rules  from  which  to  formulate  our,  at  times 
seemingly  feulty,  deductions.  Theiletails  of  the  fuii<lns  are  normally  so 
variable  in  sine,  weakened  lenticular  power  is  so  often  a.ssociated  with 
increased  antero-posterior  lengthening  of  the  ocular  globe,  the  actual 
[DOBitionof  the  examining  instrument  is  so  changeable,  the  pupillary 
■r^a  is  w>  inconstant,  and  the  degree  of  illumination  is  so  uncertain, 
tliat  much  variation  niu^^t  be  expected. 

In  the  indirect  method,  the  visible  nrcn  of  the  ophthalmoscopic  field 
is  greater,  whilst  the  apparent  enlargement  ol'  the  details  is  less  ihaD 
in  the  direct  plan  of  examination.  The  extent  over  which  the  surgeon 
can  see  at  a  single  glance  is  dependent  upon  the  siBe  and  strength  of 
J^e  condensing  lens  uaed  in  front  of  the  eye.  If  the  lens  be  of  large 
size  and  very  strong,  the  diameter  of  the  area  seen  will  be  fi-om  five  to 
eight  times  that  of  the  disk  itself.  Should  the  lens  be  siuall  and  com- 
paratively weak,  the  area  will  be  more  limited.  Sn,  too,  with  the 
magnifying  power :  the  weaker  the  len.s,  the  larger  will  the  fuiulus-details 
■ppear:  the  general  rule  being  that  when  a  13.  D.  lens  is  held  at  about 
'  seven  and  a  half  millimelcrH  (about  three  inches)  from  the  eye,  there  will 
be  an  enlargement  of  about  5j\  diameters  of  the  normal  sise.     Of 
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course,  jn^t  m  in  tlic  direct  metbod,  and  as  explained  in  ibe  cliapter  on 
the  DetcrmiiiatiDEi  of  Krrora  of  Refraction,  variations  both  as  to  tlie  size 
and  the  extent  of  the  ophthalmoscopic  field  occur  in  ametropia.  More- 
over, apparent  discrepnncies  in  answer  must  at  times  be  expected  upon 
aceount  nf  peculiarities  of  structure,  constant  changeabloncas  of  physio- 
logical arrtinn,  and  almost  anavoidahle  erron*  in  technique. 

Kvery  student  should  provide  himself  viith  urn*  of  the  simplest  forms 
of  the  beat-made  instruments.  He  shnnhi  avoid  all  cumbersome  appa- 
ratus, as  he  would  any  other  iuilifferent  or  hard -to- manage  piece  of 
workinaiisliip.  The  primary  expense  will  be  tost  sight  of  when  he 
find*  that  he  has  a  good  mirror  with  a  smoothly-'W'orking  disk,  a  well- 
balanced  handle,  und  all  the  rei|iiisites  of  a  carefiillv  made  mechanism. 
Such  iin  instrument,  if  pruperly  cared  for,  will  last  a  lifetime,  and  will 
give  the  best  resutla. 

As  to  iho  value  of  the  recently  revived  anc)  widely  ijuoted  experiment 
of  BcUarminoff,  in  which  he  examines  theeye-groitna  by  pressing  a  plane 
glass  against  a  cornea  which  has  been  cocainized — an  experiment  lately 
modified  hy  Koller,  who  inserts  plano-concave  glass  shells  into  the  con- 
junctival SHc,  so  that  their  flat  surface  is  presented  to  tbe  observer- 
very  little  can  bo  said  at  present.  The  plan  borrowed  from  Wharton 
Jones'  studies,  where  sheets  of  plane  glass  were  pressed  against  a  cat's  eye 
which  had  been  alropiuized.  cannot,  as  now  pursued,  be  of  much  cliniml 
value  except,  an  Koller  slatew,  for  determining  the  position  of  foreign 
bodies  in  the  vitre<>u».  This  is  so,  not  only  on  account  of  the  discomfort 
caused  by  the  pressure  of  a  foreign  material  against  tbe  globe  itself,  hut 
also  because  aheraiions  of  tbe  powers  of  the  refractive  constants  of  the 
eye  are  produced,  rendering  it  more  difficult  to  estimate  properly  any 
existent  error.  Further  diaturhancc*  of  the  contained  6uia,  which  may 
give  rise  to  symptomatic  and  conflicting  phenomena,  are  apt  to  he  present. 
The  use  of  a  Hniall  ghiH);  rlinmber  witli  Hat  allies,  constructed  so  as  to  fit 
the  face  and  keep  the  eye  under  water,  obtains  the  same  results.  More- 
over, the  picture  thus  prcaeuted.  olthaugb  extremely  large  in  area,  is, 
on  account  of  tbe  great  loss  of  magnifying  power,  so  smalt  that  many  of 
the  ordfnary  mirror-details  are  practiciilly  invisible.  These  necessary 
faults  in  technique,  and  this  iuadetpiacy  of  reiiults,  make  tbe  method, 
now  pursued,  nn trustworthy  and  comparatively  useless  in  many  instant 

Having  overcame  all  technical  diiliculties.  the  results  and  information 
gained  with  this  instrument  as  a  piece  of  working  machinery,  will  com- 
|>ensate  richly  for  all  past  anxiety  nnd  trouble.  The  .student  must  not 
expect  to  become  any  more  expert  in  its  use  than  he  would  expect  to  do 
wttli  any  other  instrument  of  precision,  unless  much  more  time  should 
be  vouchsafed  hitii  to  give  tu  its  daily  routine  employment  than  he  dat 
to  bojie  for.  He  must  rest  i^tmtL'nt  u>  m*e  it  as  he  does  his  stcthnscof 
and  his  microscope.  He  should  make  it  an  absolute  addition  to  hia 
armamentarium.  He  should  look  upon  it  us  another  means  of  study. 
He  shuuhl  employ  it  in  all  cases  of  supposed  organic  disease,  not  in  the 
spirit  i>f  aflectalion,  but  for  the  purpose  of  adding  another  distinctive 
series  of  clinical  symptoms  to  his  ordinary  grouping  of  conditions.  If 
he  Joes  this,  he  will  often  be  anexpectcdiy  rewarded  hy  the  discovery  of 
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an  iDtTs^ocnlar  lesion  the  knowledge  of  whose  existence  may  prove  of 
incalculable  valae  in  the  study  of  his  case.  Still  further,  not  only  is 
the  gain  an  individnal  one,  but  the  knowledge  so  acquired,  be  it  ever 
so  bttle,  will  prove  serviceable  in  special  cases  where  the  use  of  the 
instmment  may  become  obligatory.  If  he  uses  it  in  this  way,  con- 
scientiously ana  carefully,  he  will  soon  learn  to  recognize  it  as  not  only 
a  valuable  guide  in  the  diagnosis  and  prognosis  of  local  disease,  but 
also  as  an  indispensable  adjuvant  in  the  study  of  all  related  systemic 
lesions. 


CHAPTER     VXII. 


FUNDUS-REFLEX  TEST.    (RETINAL  SnADOW-TEST.) 


This  method  of  using  tlie  ophthalmoscopic  mirror  in  the  determins- 
tion  of  errors  of  refraction  lias  been  known  for  souit*  timv  under  various 
names,  prominent  imioiig  tliem  being  kemtiwcopy,  puiiiilowoop^'.  retin- 
osoopy,  and  the  8hadow-l«8l,  The  term  keratosoopiF"  was  one  of  the 
first  that  was  given  to  the  test,  on  account  of  its  being  supposed  that 
the  diflcrent  grades  nnd  areas  of  shadow,  as  well  as  the  positions  and 
intensities  of  the  lighl-rellejcets  upon  which  the  method  depends,  were 
due  to  variations  in  thtt  form  nf  the  cornea.  The  name  pupilloscopy. 
or  more  propcrlv  korosoopy,  is  hnrdly  applicable,  because  it  gives  no 
idea  of  the  rationale  of  the  method.  The  incorrect  and  mongrel 
CTpreasion,  retinoscopy,  intrmiuced  by  Parent,  which  would  apply 
equally  well  to  the  employment  of  any  instrument  of  preciiiion  intenueil 
to  be  used  for  observation  of  the  retina  alone,  is  the  one  by  which  the 
method  is  best  known.  Priestley  Smith's  tenn,  "  shadow-test,"  Hart- 
ridge's  "  umbra«copy,''  Egger's  "skiascopy,"  and  Chibret's  '' faulo* 
scnpie  r^tinienne,"  are  all  tiiucl]  hotter.  The  bu^t  term  is  the  best,  ii8  It 
distinctly  shows  that  the  results  are  dependent  upon  the  play  of  light 
and  shadow  through  media  of  different  powers,  strengtlie,  and  curva- 
tures, on  the  pigment  coal  of  the  retina.  A  better  term  would  prob- 
ably be  '*  fundus- reflex  test." 

The  earliest  accounts  of  ihis  test  have  been  given  by  the  English  and 
French  ophthalmic  surgeons,  among  whom  it  seems  to  have  taken  an 
important  position  in  daily  practice.  Bowman,  as  early  u  1869,  in 
speaking  of  the  detection  of  tlie  sliglitcr  degrees  of  conical  cornea,  tclU 
OS  that  he  found  that  the  play  of  light  from  an  ordinary  ooncave  oph- 
thalmoscopic mirror  upon  the  various  portions  of  the  cornea  always 
produced  a  shadow  upon  the  9ide  opposite  to  the  inntrumenc — an  objec- 
tive appearance,  which  is  probably  well  known  to  every  experienced 
ophthalmologist ;  moreover,  what  is  much  more  pertinent  to  the  present 
general  bearing  and  application  of  the  te$t,  he,  in  the  same  communJca* 
tion,  says :  "  It  is  a  very  useful  one  in  discriminating  the  cause  of  slight 
defects  of  vision  somewhat  rt'scmbling  myopia,  and  hitherto  deemed 
anomalous."  Iul}<*i4,  Donders  writw  that  hJs  friend  Bowmau  recently 
informs  him  "  that  he  has  been  someiimtv*  led  to  the  discovery  of  regular 
astigmatism  of  the  coniea,  and  the  direction  of  the  cliief  meridians,  by 
using  the  mirror  of  the  ophthalmoscope  much  in  the  same  way  as  for 
slight  degrees  of  conical  cornea.  The  observation  is  more  easy  if  the  optic 
disk  is  in  the  line  of  sight  and  the  pupil  is  Inrge.  The  mirror  is  to  be 
held  at  two  feet  distance,  nnti  its  inclination  rapidly  varied,  so  as  to 
throw  the  light  on  the  eye  at  small  angles  lo  the  perpendicular,  and 
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fnioi  opposite  sides  lit  succe»4iiiii,  in  KucRemive  riK>ndtims.  Tlie  »rea  of 
the  pupil  tlien  exltibiu  n  Rompwhat  linenr  .^Imilow  in  some  meridinns 
nthcr  than  in  others,"'  It  remiiineJ,  however,  for  Cuignet,  as  late  as 
1873.  to  iJemonslrate  that  the  ihrection  of  moveDnent  of  the  reflex 
iidicHtiMi  the  charnOer  of  the  refraction  error,  thus  giving;  it  n  place 
HBon}:  ihe  useful  working  methoils  to  dctcrmiitu  ametropin  :  whilat  to 
Pireni.  who  wrote  upon  the  method  neven  or  etf»hl  years  later,  is  due 
tli4  eflTort  both  in  France  and  in  Eugjand,  to  increase  the  value  of  the 
mt  Uy  the  em  ploy  m  put  of  irorrecling  lerisew  which  might  dett^rmine  the 
Jf^ee  of  the  refractirtn-error. 

In  the  hope  of  bringiTi<;  ihe  method  more  prominently  into  favor,  so 
lliat  its  practical  bearing  ns  an  adjuvant  in  the  diognoais  and  con-ection 
vf  ametropia  may  hv  made  mure  common,  the  author  has  been  induced 
ifl  enter  t|iitie  fully  intn  m  explanation. 

The  principle-  of  the  tost  is.  that  when  a  beam  of  li;(lit  is  thrown  into 
an  eye  from  an  ophlhalmoscoiK-  ln.'l<l  at  a  distiiiice  of  little  more  than  u 
meter,  variations  of  light-retiex  and  shadow  prorluced  bv  the  rotation 
of  the  mirror  in  different  directions,  serve  as  indices  for  tlie  study  of  the 
differences  in  refractive  error^*,  these  varintions  being  plainly  seen  by 
looking  through  the  central  opening  of  the  instrument. 

Two  plans,  each  of  which  liits  Its  chaaipions.  may  be  pursued.  The 
one  in  which  a  connive  mirror  of  about  twenty-five  centimeiers"  focus 
*r  more  is  iiseil.  was  the  finti  M  be  described,  probably  on  account  of 
tin*  uure  genenil  emjiloyment  of  such  a  mirror  in  ibc  ordinary  ophlhal- 
Dioscope  By  the  oilier  plan,  the  plan*-  mirror  is  substituted  for  the 
concave.  That  it  is  an  excellent  method  for  the  objective  detection  and 
determination  of  ametropia  there  can  be  no  doubt,  Ijut.  as  it  requires  as 
much  practice  aa  the  direct  method  of  cxaniiiiation,  and  ordinarily  gives 
no  lielier  result,  it  cannot  Nupcrxede  thik  latter  plan.  Althouj^di  it 
undoubtedly  possesses  ihc  fenr  .special  advantages  of  case,  certainty,  and 
rapidity  where  subjective  tests  are  impcjssible,  yet  it  must  be  remem- 
bereil  thai  it  merely  resolves  the  ophthnlnioscop<:!  into  an  optometer. 
Willi  it,  the  fundus-details  cannot  be  studied  ;  the  cye-grouTid  is  invisi- 
ble, thus  making  ibe  method  of  exnminalion  serve  as  u  greatly  inferior 
guide  to  the  determination  of  the  question  whether  the  ametropia  he 
remediable  or  not.  It  studies  the  optical  condition  of  the  dioptric 
aratus  of  the  nye.  without  giving  any  adcrjuste  reference  to  tlio 
lologiciil  state  of  the  organ.  In  the  careful  examination  of  the 
inajorily  of  case*  of  ametropia,  it  c»n  never  octiupy  any  belter  position 
tlian  that  of  an  adjuvant — an  assi-tumt.  Il  should  be  employed  in 
every  instance.  No  questinimble  case  shotiM  be  idlowed  to  remain 
unexamined  by  this  method.  The  necessary  dexterity  in  manipulation 
i«  aoon  acquired,  and  constant  repetition  renders  the  results  more  cer- 
tain and  definite.  The  procedure  lakes  but  a  few  minutes'  time,  and 
the  answers  alway*  prove  of  great  value.  It  should  never  he  used  for 
the  prescribing  of  correcting  lenses,  except  where  it  is  impossible  oiher- 
"wise  to  obtain  pmper  subjective  results,  lui  among  miitiugerers,  foivign- 
yonng  children,  the  di'iiientwi,  etc.  Here,  eomltined  with  otner 
i((>tnetric  meJisures,  it  becomes  almast  indispensable.  In  ordinary 
it  is  probably  best  limited  to  the  diagnosis  of  the  error  and  the 
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veriBcation  of  the  correction,  after  carefully  aelected  leiiw»  frota  die 
test-set  have  been  subjectively  ehoflen.  In  these  two  particulars,  espe- 
cialJy  in  the  klter,  where  (he  resultAnt  vision  is  below  normal,  it  becoioM 
of  valui*.  It  «trent:theiiB  otlier  diagnostic  jirocedurea,  gives  informa- 
tion of  diflerenccs  of  sD-CHlIed  meriflional  refraction  in  different  [mrts 
of  the  pupil,  and  acts  as  a  check  upon  the  Bubjective  choice  of  oorreci- 
ing  lensea.  For  these  purposes,  an  endeavor  should  be  miide  to  master 
it  thoroughly,  and  to  uiake  it  a  part  of  the  workinu  ruutine. 

As  olrcfidy  stated,  there  are  two  tnethuds.  one  with  ilie  coDcs.Te  mir- 
ror, and  the  other  with  the  plane  mirror.  Although,  as  will  be  shnwn. 
it  is  always  preferable  to  emplov  the  plane  mirror,  yet  the  concare- 
mirror  plan  in  ht-re  given  first,  because,  as  all  our  past  conBiderations 
have  been  limiteil  to  tlie  concave  mirror,  it  has  been  deemed  belter  not 
to  divert  the  student's  train  of  thought  by  an  intervening  change  of  the 
optical  conditions.  The  plnnc-mirror  teat,  thongh  easier  to  cxplnin, 
has,  therefore,  been  postponed  fur  aJ'ter-consideruUon. 

We  will  first  speak  of  the  emmetn>pic  eye.  Sliouh)  the  concave 
mirror  bo  aaed,  ax  at  m,  in  Fig.  161,  the  divergent  rays  from  the  light, 

Fio.  m.  ' 


BBptormDnt  of  eoncavG  mimr  In  euaeiroiriK. 

L,  will  strike  the  mirror,  m,  situated  in  front  of  the  observing  eye,  e,  and 
converge  to  theirnenal  focusat*".  thus  making  an  inverted  aerial  image  of 
the  llauie.  L.  Here,  they  will  diverge  until  tficy  meet  the  anterior  plane 
of  the  oh.'terved  eye,  e',  which  brings  them  to  a  focus  back  of  its  fiindus 
at  f.  I'poiJ  the  retinal  plane  of  the  observed  eye,  there  is  a  bright  up- 
right image,  a  b,  of  the  light,  this  circular  image  being  situated  in  tBe 
midst  of  an  intense  shadow. 

If  the  mirror  be  rotated  in  any  direction,  u  shown  in  Fig.  162,  the 
inverted  aerial  focus  of  the  Same  at  y  will  move  in  a  similar  manner, 
as  shown  at  v'.  The  divergent  pencil  of  raya  of  light  from  this  point 
strikes  the  observed  eye,  e',  at  ii  greater  angle,  and  more  excentricftUy 
than  hcftire,  and,  in  con-sefjuence,  it  ban  a  greater  ilegree  of  refraction. 
This  increase  in  the  bend  of  rays  throws  the  focus  of  the  aerial  imn^re 
more  periphenilly  upon  the  observed  retina,  as  shown  by  the  area  in 
front  of  f.  This  area  or  point,  as  can  be  seen  by  reference  to  the 
figure,  must  always  move  across  the  observed  retina!  plane  in  a  direc- 
tion that  is  contrary  to  the  motion  given  to  the  mirror. 

Should  the  observed  eye  be  too  short,  as  in  hypermetropia,  the 
entering  rays  of  light  from  the  aerial  point  will  come  lesa  to  a  focus 
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I  in  emm«tropia,  whilst  if  tlje  eye  be  too  long,  as  in  myopiu,  the 
nji,  before  meeiiug  the  rctinnl  plane,  will  have  croi^seil  sooner  than 
ihCT  did  in  the  emmetropic  organ.  In  each  instance,  ns.  for  exnmpic, 
inf^g.  163,  the  reflex  is  larger  and  dimtuer.  amj.  lu  consetfucuce,  the 
■■Qoiate<l  slmdow  becomes  more  peripheral  and  crescentic  than  in  the 

etropic  eye. 

Tn.  103. 
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I  of  notMDail  at  nBox  wblbt  «mpkiriii(  tb«  uoocave  mUror  lu  ninuiettoiila. 

In  Fig.  16lJ,  the  first  retinal  plane,  H,  repreaenting  the  hypermetropic 
,grouD(l,  cuts  the  iucotuitig  rays  so  »s  to  form  the  Inrgc  retinal  Tt&tx., 
•  b.  The  second  roiinjil  plane,  K.  which  reprcsonta  the  emnictropio 
Iground,  cuts  the  inciiming  rays  so  a«  to  form  the  smaller  retinal  reflex, 
a'  b'.  The  third  retinal  plane,  M.  is  situated  so  fur  back  that  the 
incoming  rays  have  crossed  antl  produce  a  reversal  of  the  image  at 
b"  a".  If  astigmatism  be  present,  the  light-area  will  be  bordered  by 
badly  defined  outlines,  and  ahovr  the  irregular  edges  of  difl'usion- 
ordeg. 

H       Belt 

^»     With  the  atnetropic  organ,  every  nmvemcnt  of  the  mirror  aifecui  the 
play  of  the  light-rays  in  the  same  manner  an  in  the  emmetropic  eye, 

I  except  in  one  iustouce.  namely,  with  the  eye  which  haa  more  than  one 
diopter  of  myopia.  Here  tlu'  emergent  rays  from  the  observed  eve,  as 
explained  in  the  description  of  the  direct  and  indirect  methods  of 
examination,  pass  outward  convergently  and  form  an  inverted  aerial 
image.  It  is  this  image  that  we  see  and  stady.  On  referring  to 
Fig.  164,  it  will  be  noticed  thnt  although  tho  pky  of  light  across  the 
Lpatient'a  retina  is  in  the  same  direction  as  in  emmctropia  nnd  hyper- 
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mctropia,  yet  tho  rays  from  b,  after  they  emerge  and  form  iho  wml 
imaK^-point  at  b',  are  situated  on  the  same  eiiie  of  tbe  aerial  imat:e. », 
of  Cae  oandle-llame,  l,  as  that  to  whicli  the  mirror,  m,  has  been  tilud. 
The  movement  of  tlie  aerial  image,  tlien,  is  with  that  of  the  niirror. 


l-iu.  \M 
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Dlracllon  or  muTcmcnt  of  roDcx  wtiltst  cmployliiE  tbv  eonoTo  mime  to  nuraf^ 

If  the  myopia  be  less  tliau  one  diopter,  there  is  practically  no  a^kl 
iiimgc  of  ihe  fuinlus  to  stujy.  The  condition  is  the  same  as  in  hype^ 
metropia  and  emmetropia.  The  reason  for  this  is  that  oar  own  eft 
occupies  II  position  iniudc  of  the  far-point  or  sitiiation  of  the  amal 
image  of  the  fundus  of  the  observed  eye.  Our  eye  Ionics  direclW  upon 
the  fundus  of  tlie  observed  eye,  ju^t  as  it  did  in  }iy{>erinotrupia  and 
emmetropia.  To  see  sucli  an  aerial  image,  we  must  go  beyonrl  the 
patient's  lar-point;  and  this,  if  done  when  the  concave  mirror  is  used. 
causes  so  great  a  dispersion  of  light  that  the  eye  is  too  feebly  illumi- 
nated for  practical  purposes. 

In  like  manner,  the  amount  and  rate  of  movement  of  the  light-reflex 
and  the  intensity  of  tlie  associated  slia<low«  all  play  important  ports  in 
the  proceiiiire.  The  rule  is,  that  they  are  all  in  inverse  proportion  to 
the  niDount  of  the  ametropia ;  that  is,  the  greater  the  rcfraetire  error, 
the  less  quickly  the  reflex  moves  and  the  less  excursion  it  performs 
with  every  motion  of  the  mirror,  Kcepinj^  in  mind  that  the  size  and 
dimness  of  the  i-cflex  nre  in  direct  proportion  to  the  degi-ee  of  ametro- 
pia, and  knowing  that  both  slowness  itnJ  extent  of  motion  are  in  direct 
relation  with  the  sise  of  the  image,  we  can  easily  understand  that  the 
higher  degrees  of  refractive  error  must  always  give  slowly  moving 
images  which  traverse  short  arciis. 

The  lietection  of  astigmatism  by  this  methoii  becomes  quite  easy.  In 
fact,  its  iipplication  here  is  often  invahiable.  As  ilie  meridians  of 
greotesl  and  least  refraetion  in  the  regular  form  are  situated  at  right 
angles  to  each  other,  all  that  we  have  to  do  i.'  to  tilt  the  mirror  in  the 
direction  of  the  various  meridians  until  we  succeed  in  Bnding  the  moat 
ametropic.  After  having  determined  whether  this  is  hypermecropic  or 
myopic,  and  given  our  cstiuiute  of  the  amount  of  error,  we  slionld 
change  the  motion  of  the  inirnir  to  the  meridian  at  right  angles,  and 
then  study  the  new  meridian  in  the  iutme  manner.  By  noting  the  dif- 
ference of  refraction  between  the  two  meridians,  we  may  arrive  at  a 
Terr  close  estimate  of  the  quality  and  degree  of  astigmatism. 
,   The  angle  of  the  principal  meridians  can  be  readily  determined  by 
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cirdully  watching  whether  the  aiigtt  i^raiipareiit  inovetneiit  of  the  line 
if  reflex  corresponds  ahflolutely  with  the  real  inocion  given  to  the 
mirror.  If  the  line  of  reBcx  moves  obliquely  with  the  line  of  mirror 
mavetnenu  we  may  be  assured  that  we  are  noE  tilting  our  min-or  in  one 
of  ihe  principal  meridians.  By  studying  the  difference  between  the 
iriae  and  apparent  uiotiou»,  uud  changing  the  angles  of  the  mirror's 
naorcojcnt  antil  the  two  motions  coincide,  we  iihall  have  placed  our 
luirror  in  petition  t»  obtain  umtwers  for  the  ametropia  which  id  resident 
<tk  the  principal  meriilians. 

The  great  objection  to  the  employment  of  the  concave  mirror  is,  that 
with  it  we  are  compelled  to  approikcb  so  near  the  patient  that  the  power 
of  active  accommodation  is  brought  into  play,  which  destroys  one  of  the 
optiosl  constants  of  the  method,  and  renders  the  answers  unreliable. 
To  avoid  this,  Cbihret,  Siory.  Jackson,  and  otlier»,  have  made  use  of 
the  plane  mirror.  This  allows  the  surgeon  to  move  much  farther  away 
from  the  patient,  and  thus  avoid  any  errors  that  might  arise  from 
tccomraoflative  changes.  On  account  of  iti^  greater  simplicity  in  prac- 
tice, and  the  fewer  exceptions  to  be  remembered,  it  is,  indeed,  the 
preferable  plan  for  the  diagnosis  and  estimation  of  ametropia. 

We  arc  now  dealing  with  the  upright  reflex  of  the  virtual  image  of 
the  candte-fiamc,  and  not  with  the  inverted  rellox  of  the  Qame  itseli. 
ThiK  virtual  image  is  siiuatt^d  as  far  hack  of  thr  plane  mirror  as  the 
luminous  object  is  in  front.  From  it  the  rays  proceed  in  a  divergent 
manner,  and  fall  upon  the  retina  of  the  observed  eye.  Thus,  in  Fig. 
16."i,  the  divergent  rays  of  light  from  the  candle,  I.,  strike  the  plane 
Qiirror,  m,  and  are  reSected  into  the  eye.  £',  in  a  divergent  manner, 
jttsi  as  though  ihey  had  proceeded  from  l'  {the  virtual  image  of  i)  be- 
liinii  the  mirror.     After  parsing  into  the  observed  eye,  they  ooine  to  a 


EniAoyment  of  plane  mtrmr  In  cratnctropu 

cus  behind  the  retinal  plane  at  f,  making  a  circle  of  intra-ociilar 
illamination  at  a  b.  If  the  ol>H«rved  eye  is  emmetropic,  the  emergent 
isvs,  c  d,  jiMs  out  through  its  pupil,  as  previously  extilaincd,  in  a  par- 
allel direclmn,  and  fall  upon  the  retina  of  the  oiiaorver's  eve,  situated 
in  its  usual  p.>sition,  behind  the  aperture  of  the  mirror.  'The  farther 
the  mirror  is  held  from  the  ohacrved  eye,  the  more  nearly  parallel 
become  tlie  entering  rays,  and  the  nearer  their  focus  falls  upon  the 
emmetropic  plane  of  the  observed  eye.  When  the  mirror  is  placed  at 
oboul  throe  meters'  distance,  the  entering  rays,  which  have  now  come 
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firom  a  point  at  about  six  meters'  djstaoce  in  front  of  tli«  eye,  may  ne 
aasumed  to  Le  parallel.  Such  rays  will  come  to  »  fbcutt  u{)on  tli« 
retinal  plane,  ami  give  rise  to  n  strong,  clear,  anrl  well-cat  reflex. 

In  both  hypermetropia  and  emmetropia,  the  apparent  movement  of 
the  njflex  is  in  the  sunje  direction  bs  the  real  niuremcnt  of  the  mirror. 
This  will  be  understood  by  reference  to  Fig,  166. 

Fig.  icn. 


DIrecliun  ot  tnovcmciil  nf  reflex  whilit  cunplarlnB  Uic  (dAiie  mtmir  In  eiiiiiiMinpl&, 

Here  the  erect  rellex  of  thu  viriuul  image  of  the  candle-flame,  L,  is 
shown  at  f .  The  mirror,  m,  htm  hiten  tiltod  downward  to  m',  causing 
the  virtual  imajje,  L.',  of  the  light.  L,  to  be  lifted  to  L".  The  divergent 
rays  proceeding  from  l"  into  the  observed  eye,  ¥.',  now  fall  at  a  lower 
point  behind  the  retinal  plane,  showing  that  every  downward  inclination 
of  the  mirror  is  accompanied  by  u  downward  movement  of  the  illumi- 
nated retinal  area.  In  other  words,  the  movement  of  the  mirror  has 
caused  a  similar  motion  of  the  retinal  imago. 

no.  187 
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l>In)i;UDi)  a(  mmwuvui  of  ntlox  wblUl  «ini>lo}lUK  Ui«  ptAiw  lulrror  In  myuplB. 

If  the  observed  eye  is  myopic,  tlie  apparent  motion  of  thv  reflex  is 
contrary  to  the  movement  given  to  the  in.st]nimi?nt.  In  Fig.  167,  the 
mirror  has  been  tilted  downward  into  the  position  of  m':  thia,  a» 
just  shown,  eau«cg  the  virlnal  image  of  thit  light  to  rise  from  i/  toL".  As 
we  now  know  from  the  last  illustration,  the  intra-ocular  focus,  f ',  of  l" 
is  situated  on  a  lower  level  than  the  iiitru-vcular  focus,  f,  of  L'.  In 
this  instance,  however,  we  consider  the  iierial  iin»gefl  of  these  portions 
of  the  fundus.  The  reason  for  (his.  ai-  has  been  several  times  explainftd 
in  speaking  of  myopia,  Is  that  the  far-point  of  the  observed  eye  is 
aituateil  between  the  patient  and  the  mirror.  It  is  this  aerinl  image, 
then,  that  we  ubnert'e.     By  following  out  the  projection  from  the  lower 
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fceoBum,  a'  B'.  we  find  that  its  aerial  image,  n'  b',  is  higher  than  the 
Bcriil  rmo^c,  a  b.  of  the  original  intra-ocular  fbcuasinjt  area,  a  b.  That 
ii,  il)<  inferior  portion  of  the  eye-ground  naturally  gives  its  aerial  image 
in  the  superior  part  of  the  visual  field.  Reforenco  to  the  illuatrotion 
l^nlj  fthows,  then,  that  the  ai^rial  imtige  of  the  reflex  ii*  lifted  when 
the  mirror  is  tiltel  downward,  ('.  e..  it  moves  contrary  to  the  direction 
of  die  "Bxis  "  of  the  motion  given  to  the  instniraent.  Furtunatfly, 
on  acconnt  of  the  use  of  the  plfine  mirror  in  this  method,  wc  win  stand 
&r  beyond  the  far-point  of  any  correctable  myopia,  and.  in  consecjuenoe, 
Jip movement  of  the  reflex  of  the  aerial  iiim^  l»  always  absolute.  This 
makes  the  plan  entirely  truatnorthy. 

The  degree  of  intensity  of  light,  ibe  tnovemoni  of  reflex,  and  the  area 
of  «xcunrion,  as  seen  in  tlie  variouA  forms  of  ittnetropia,  nil  play  the  same 
rules  us  in  the  concave- mirror  method  ;  the  only  difference  between  the 
two  plans  being  in  the  opposite  direction  of  movemeni  of  the  reflex.  The 
prof^ure  is  qnite  simple.  If  we  employ  the  concave  mirror,  an  ordi- 
nary Loring  ophthalmoscope  may  be  used.  If  the  plane  mirror  be  pre- 
ferred, it  can  either  be  obtained  combined  with  the  ophthalmoscope  or 
made  as  a  separate  iiistruuiviit.  The  best  [nittern  for  the  plane  form  Is 
one  with  »  .<turface  of  forty  millimoters'  ilianiiHer  and  a  ccntntl  sij^ht-holc 
of  three  or  four  millimeters. 

When  the  concave  mirror  is  ased,  we  should  seat  ountelves  about  one 
buodret)  and  twenty  centimeters  (about  forty-eight  inches)  in  front  of 
the  patient,  who  should  be  placerl   in   the  ordinary  ophthalmoscopic 

CitioD.  except  that  the  source  of  illuroinntion  is  better  placed  above  and 
Ii  of  him,  at  about  an  angle  of  15°  to  30"  with  a  line  drawn  from 
our  eye  to  his  eye,  so  that  the  beaiti  of  light  may  shine  over  his  head. 
The  room  is  to  be  made  quite  dark,  so  that  no  extraneous  and  dis- 
turbing rays  of  light  may  fall  into  the  eye  to  be  examined.  For 
better  deflnition,  and  tu  avoi<l  any  convicting  rays,  ii  it>  a  good  plan,  aa 
m^geited  by  Jackson,  to  have  the  light  surrounded  by  a  bliick  mMal 
chimney  in  which  a  small  circular  opening,  about  eight  or  ten  millime- 
ters in  diameter,  has  been  cut  m  such  a  point  as  to  come  directly  oppo- 
site ihe  brightest  part  of  the  Qmae,  the  position  of  the  hole  being 
directe<]  toward  our  examining  eye.  Care  should  be  takcu  that  the  hole 
is  not  made  so  small  that  there  will  he  an  insufficient  iiutoiint  of  light 
reflected  from  the  region  of  the  mirror  surrounding  the  sight-liole.  If 
we  find  it  necesstiry  to  produce  ii  hirger  pupillary  lield,  ami  tu  avoid 
accommodative  effort-,  though,  of  course,  thisi  will  be  at  the  expense  of 
absolute  accuracy,  we  can  direct  tbo  patient  to  look  to  one  side  into 
darkness.  With  either  method,  especially  with  the  concave  mirror,  the 
better  plan  is  to  use  a  mydriatic,  in  order  to  ]i»ve  the  putient's  macula 
luiea  siuuLted  tipon  a  line  with  our  own,  as  this  is  tlie  portion  of  the  eye 
which  he  constantly  employs  for  vision,  and  for  this  reason  is  the  part  to 
be  studied.  W  itli  the  plane  mirror  held  at  three  or  four  meters'  distance 
there  are  no  such  complications,  and  the  patient  may  be  Eold  to  look 
directly  at  the  eight-hole  of  the  mirror. 

On  account  of  the  diminished  liability  of  the  pupil  to  contraction 
doring  the  use  of  the  plane  mirror,  because  of  the  grcnt  distance  of  the 
observed  eye  From  the  instrument  and  the  lew  intense  action  of  the  focus 
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of  illmuiuation.  mydriatira  are  here  less  frmjuentJy  necessary  limn 
during  the  eiupluyment  of  the  concave  mirror.  If,  however,  the  pupil 
is  ftuall,  so  that  it  givea  but  little  area  through  whicli  to  play  the  reHex, 
one  of  tlie  weaker  inyiJrJaiia'i  bIiouIiI  be  used.  At  limps,  the  einploy- 
ment  of  one  of  the  more,  powerful  tlnigs  may  be  necessarv  in  order  la 
obtain  the  advantage  qf  neutralizing  the  accommodating  power  of  the 
patient.  In  every  instanci?,  the  increase  in  the  pupillary  area  has  the 
additional  value  of  permitting  the  light  to  be  thrown  more  directly  upon 
the  uiiiculnr  region.  If  possible,  the  patient  is  to  be  directed  to  look 
straighi  ahead,  and  to  cmlcavor  ils  mueh  fl«  p(»«iblif  to  disregard  the 
surgeon'u  presence  in  Mb  line  of  sighl.  The  surgeon  gazing  through  the 
sight-hole  of  the  mirror,  wdl  notice  »  reflex  of  light  occupying  all  or 
part  of  the  patient  «  pupillary  area.  Following  this  br  repeate^Uy  lilting 
the  mirror  in  various  meridiana  In  front  of  our  eye,  without  either  relax- 
ing his  gnze  upon  the  patient's  eye,  or  allowing  any  motion  of  his  eye, 
the  play  of  light  and  shade  previously  described  will  be  tuade  manifest. 

After  having  determined  the  churactor,  the  amount,  and  the  angle  of 
errtir.  it  only  remains,  in  some  instances,  to  attempt  to  (Estimate  with 
greater  nicely  the  degree  of  the  refractive  condition.  This  is  done  by 
80  changing  the  apparent  play  of  light  in  its  relative  direction  of  motion, 
and  the  rapidity  of  ibt  movement,  that  they  may  both  coincide  as  nearlr 
as  possible  with  what  is  seen  in  so-termed  emnietropia.  To  acoomplisn 
this,  either  ilifferent  strengths  of  spherical  and  cylindrical  lenses  are  to 
be  droppe<l  into  a  test-fi-ame  place*!  before  the  palient'e  eye.  or  au 
opatjuc  disk  containing  a  series  of  Icst-lcnses  is  to  be  rotatcil  before  his 
eve,  30  as  to  bring  successively  any  desired  strengtii  before  the  organ. 
"to  know  when  the  lens  which  repre««utK  the  refractive  fault  of  the  eye 
has  b«en  reached,  the  light  is  miide  to  play  ihrougli  each  BnperimpnLt<»d 
len«  until  llie  proper  relation  between  reflex  and  eiumftropia  is  suppose*! 
to  ha%'e  been  ea-tah  I  itched. 

For  instance,  if  the  case  is  found  to  be  one  of  hypermetropia  with 
astigmatisiQ.  increasing  convex  lenses  are  to  be  placed  before  the  eye. 
the  other  eye  being  excluded  from  use  by  a  stop-disk,  and  the  mirror 
tilted  in  all  meridians  after  each  trial,  until  it  is  determined  whether 
there  are  any  angles  in  which  the  reflex  still  pi'rKi>itfl  in  moving  contrary 
to  the  motion  given  to  the  mirror.  If,  after  repeated  essavfl,  thcstudct^t 
finds  thai  ihereremainsbut  one,  a  curivex  cylinder  of,  say.  0.5O  D.  is  to  be 
placi'd  iu  the  teat-frame,  In  front  of  the  spherical  lens  last  chosen,  with 
Its  axis  set  at  right  iinglett  to  the  .<itill  fanlcy  meridian.  If,  now,  the 
reflex  quickly  movcH  in  the  same  direction,  or.  better,  if  the  slighest 
contrary  motion  rumtiins  thrciugliout  all  the  meridians,  the  total  amount 
of  the  aniptrnpia  has  been  reached.  If  not,  iidditioiis  and  subtractions 
of  slight  dilTerences  In  spherical  lenses  ami  change)*  in  the  angk«  and 
amounts  of  cylinders,  will  soon  enable  the  «ttident  to  decide  when  he  haa 
reached  the  best  obtainable  conditions,  at  which  point  he  may  decide  that 
he  ha«  obtained  the  proper  correction.  If  the  reflex  is  dull  and  iia  border 
moves  slowly,  no  time  is  to  be  wasted  with  Insignificant  changes  of  cor- 
rection, but  a  strong  spherical  lens  is  to  be  Immedinlely  placed  in  posi- 
tion, and.  if  It  over-corrects,  its  strength  Is  to  be  lessened  in  each  meridian 
until  the  proper  combination  has  been  effected.      If  tlio  lirat  lentt  chosen 
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he  insafGcipnt,  stronger  and  stronger  ones  arc  to  be  substituted  until  the 
(iesired  result  tins  been  obtained.     Tltis  method  should  now  W  repeated 
Wtb  the  other  eye.     l(  the  rcsuhs  of  a  8uhtt(:<|ueiit  exauiiiiiLtiou — which 
[        ffiiould  always  be  made  twenty  four  hours  later,  if  jiossible — are  identi- 
cal, th«  trials  may  be  stopped,  and  the  accommoiiative  powers  and  the 
'^Xtnux.-iilar  iinuMde-halnnce  with  loth  corrections,  carefully  tried  before 
tJic?  forreotion  is  onlered.     If  there  he  the  slighost  discrc|-aiicy.  the  work 
|^*tkwuld  be  repeate*!  sufficiently  often  to  give  uii<|ucsti'0nub]e  results. 
^H        In  the  other  forms  r*f  ametropia,  the  work  is  to  he  jiursued  practically 
^^■^    the  same  manner,  the  ouly  differeuce  being,  »»  we  have  already 
Bpi^araed,  that  in  ihc  myopic  mriridiniia  of  the  rye,  the  ninvcinents  of 
^^«*e  reflex  are  contrary  to  those  that  are  found  in  the  hypermetropic 
'**».eridiiui8. 

The  onrrei'tion  of  mixed  astigmatism,  ihough  subject  to  variations  of 
LlMwer  through  the  Bitghtost  discrepancy,  can.  in  many  instances,  be 
ely  effected  by  careful  and  repeated  examination.  Even  in  some 
cases  of  irregular  astigmatism,  the  method  may  prove  useful.  Here, 
most  prominent  and  very  easily  revogui/ed,  are  the  bright  or  dim  cen- 
tral areu:i>.  with  tturrounding  shaded  or  light  circles,  each  having  its  indi- 
Tidual  direction  and  <jiiickneit!>  »(  motion.  In  the.<te  cases,  the  sAme 
rules,  of  course  modified,  hold  good,  and  the  same  method  should  be 
'  pursued.  In  all  this  work  with  the  concave  mirror,  we  must  not  forget 
that  we  have  been  seated  about  one  hundred  and  twenty  centimeters 
from  the  patient's  eye.  such  a  (hstance  being  nearer  than  the  far-poini 
of  a  myopia  of  Ices  than  about  0.75  to  1.00  diopter.  In  conscr^uence 
of  this,  :is  has  been  explainetl,  :i  myopia  of  that  amount  niiist  give  llie 

I  movement  of  reflex  as  both  emmetropia  and  hypermetropia.  Tt  Becomes 
necessary,  therefore,  to  take  this  exception  into  account.  The  rale  in 
all  such  meaaurements  with  the  concave  mirror,  is,  that  tlie  distance 
between  the  two  eyes  nanist  he  subtracted  from  the  result.  Thu^,  if 
+■4.  D.  be  the  apparent  amount  obtained.  ■  3.25  D.  or  4  3.  U.  must 
bto  the  correcte<l  iiriswcr  in  myopia,  on  the  other  hand,  if  iIk"  patient's 
eye  has  not  been  rendered  artificially  myopic  to  0.75  !">.  or  1.00  IX,  this 
amount  must  be  added  to  the  ohtairteil  result:  thus,  if  —  4.  D,  he  the 
amount  obtained,  the  revised  reading  inri<tt  he  set  down  as  —  -1.75  D.  or 
—  5.001).  This  calculation  either  can  be  done  mentally  in  eHcli  in- 
stance, or  can  be  avoided  by  placing  a  -  S.  O.T.j  I),  or  +  S.  1. 00  D. 
penniinently  in  the  test-fmine  or  revolving  disk  behind  the  correcting 
^—    ieDscH. 

^B       With  the  plane  mirror,  the  surgeon  is  free  to  choose  the  distance  iit 
^^    which  to  make  his  ntudy.      In  fiu:t,  at  times,  lie  may.  if  he  choose,  be 
.         actually   situated   heyond    tlie  far-poiut  of  luiy  ntyopia  re4;ogniited  aa 
^K    worthy  of  corrcctiou.      Willi  this  ff>rm  of  test,  all  myopic  reflcxM  move 
^m    conlrnry  to  the  motion  of  the  mirror,  whil:?t  those  of  both  eininetropia 
and  hypennelropia  move  with  the  mirror.     The  surgeon  should  he  sta- 
tioned at  from  one  to  two  meters'  distance  and  make  calculation  for  the 
distance  used  and  the  lens  employed.     The  patient  should  he  placed 
behind  a  disk  of  rotating  tenst-s,  which  either  he  can  revolve  into  posi- 
tion before  hi.-i  eye,  or  the  surgeon  can  move  by  some  mechanical  con- 
trivance.    Should  the  Hurgeon  wish  to  he  ad  nearly  theoretically  correct 
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o£  possible,  he  oin  scat  himself  at  three  meters'  distance.  At  Lhi^  poini 
there  is  nothing  to  compute,  Kiiicc  the  renultii  nt  this  RomewhAt  inoon- 
veiiieiit  distatict?,  give  ahsolute  antfwer  m  to  the  amount  of  anj  refraction- 
error  that  may  he  necessary  for  correction. 

If  he  80  desire,  he  may  also  find  the  distatice  between  his  eye  and 
the  patient's  eye  at  which  any  reversals  of  morement  take  place,  or  he 
may  plac^  a  rather  atroii^  convex  lens  before  the  eye  to  he  examined, 
and  calculate  the  distances  at  which  the  revei-ae  movement  of  the  reflejt 
occurs.  Ill  both  instances,  a  tair  measure  of  the  refractive  error  iti  any 
meridian  desired  can  be  sccureil. 

If  the  Eiurgeun  wishes  to  check  the  uorrection-fin dings  of  the  concare- 
miiTor  plan,  or  if  it  he  desirable,  aw  it  iiimoBt  always  is,  to  verify  the 
selection  of  lenses  chosen  by  the  patient  in  the  ordinarv  subjective 
method,  the  phine-mirror  method  at  one  or  two  meters'  distance  is  the 
one  that  should  ho  pursued  in  every  cose,  allowing,  of  course,  in  al!  in- 
stances, for  the  rliffereucc  of  strength  between  the  leusoa  and  the  distance 
employed. 

After  n  considerable  trial  with  a  number  of  unselected  cases,  we  ))hal1 
be  belter  able  to  differentiate  the  various  forms  of  refractive  error. 
The  border  of  the  reflex  i»  always  to  be  studie<l.  We  should  see  whether 
it  is  equally  welt  defined  in  all  the  principal  meridians.  Marked  irregu- 
larity of  the  reSex  edge  is  to  be  aasocialed  with  astigmatiam.  Further, 
the  student  should  make  himself  thoroughly  acquainted  with  the  in- 
tensilv  of  the  reflex  and  the  density  of  the  bordering  shadow.  He 
should  remember  the  important  rule,  that  the  more  nearly  emmetropic 
the  c&^e  is,  the  clearer  will  be  the  reflex  and  the  more  dense  and  ilistinct 
the  surrounding  nhudow  will  become.  He  should  also  keep  in  mind  that 
the  nearer  the  case  approaches  emmetropia,  the  more  quickly  the  edge 
of  the  reflex  will  move. 

He  should  become  ihoraughly  conversant  with  alt  the  changes.  lie 
»(hould  iftudy  all  cases,  without  selection,  until  he  is  able  not  only  to 
designate  the  variety  of  ametropia,  but  aUii  In  make  a  fiiir  estimate  of 
the  amount  and  the  angle  of  error.  This  having  been  accomplished^ 
the  result  should  be  noted  with  the  previous  work. 


I 


CHAPTER   IX. 

METHODS  OF  DETERMIXATION  OP  ERROKS  OF  REFRACTION 
AND   ACCOMMODATION. 


A  PAIR  notion  of  the  roatine  use  and  significance  of  the  various 

luree  presented  in  the  coui{jletc  studv  of  upbthuliulc  cnses  having 
SD  obtained,  iJio  student  Hhould  jn'oceed  to  the  cotiRiik>r:ition  of  the 
special  plantt  for  the  deterinination  of  anomalies  connected  with  the 
riocuAsing  or  dioptric  system  of  the  eye.     The  methods  for  detennining 
'lese  lunges  we  shall  now  consider  in  detail. 

In  ino«t  inetnnces.  the  patient,  if  an  adult,  will  come  complaining  of 
gradual  and  increasing  inahility  for  continuous  noar-work,  especially  by 
tartificial  light.     His  eyes  "give  out,"  as  ho  terms  it,  and  near  objects 
llur  oud  "  run  together;"  frontal  and  temporal  heodactm,  coming  un 
after  prolonged  use  of  the  eyes,  ensue,  whilst  liuisitude  and  inclination 
discontinue  work  assert  themselves  with  increasing  frequency,  until, 
last,  he  is  unable  to  employ  his  eyes  with  any  degree  of  comfort  for 
even  the  shortest   length  of  time.      I'ossibly  glasses   have  been  tried, 
which  have  acted  ait  u  temporary  relief,  but  have  soon  been  laid  at«ide  ns 
aseless  and  even  disturbing.     In  this  condition  he  comes  iis  a  patient. 
What  has  he  told?     Thut  his  eyes  "give  out"  during  near-work,  and 
[tJiat  near  objects  blur  and  "  run  together,"  these  two  symptoms  being 
[•ccompanied  by  headache  and  Inability  to  use  the  eyes — a  statement  that 
'practically  says  thut  the  focussing  apparatus  for  such  work,  the  ciliarr 
muscle,  which,  as  we  know,  bo  regulates  the  action  of  the  lens  as  to 
g;ive  the  proper  focii«  for  any  desired  near-point — is  overta.\ed,  und  at  last 
relinquisher  its  hold,  giving  rise  to  it  blurring  or  fading  of  tbe  object,  and 
calling  for  additional  and  tiresome  effurt  to  regain  it— a  statement  that 
plainly  showii  that  the  normiil  balance  of  extra-ocular  musclet^  which 
I  should   be  found  when  the  two  eyes  are  brought  to  a  single  focus  in 
"^binocular  fixation,  i^*  disturbed  by  weaknoMS  of  the  converging  muscles, 
this  weakness  expressing  itself  hy  rcpoatwl  momentary  tosses  of  proper 
nction,  causing  objects  to  appear  to  run  together:  the  one  known  as 
accommodative  asthenopia  {insiifficiunfff  of  ai-comtimdation),  and    the 
other  as  muscular  a-sthenopia   (more  properly  inKiiffiitieuey  of  conver- 
gence).    Wiill   more,  he  hns  proved  the  existence  of  this  disturbing 
muscle- DctioQ,  by  saying  that  the  blur  and  the  want  of  stability  of  the 
object  looked  at.  constantly  increase,  with  steady  diminution  of  ability 
to  use  the  organ,  this  oiWn  being  fallowed  by  distressing  neuralgias, 
especially  in  the  frontal  itnd  lempond  regions. 

In  other  «wes,  the  patient,  especially  if  young,  will  complain  of  irri- 
tation  and  even   inflammation  of  the  external  appendages  of  the  eye. 
He  will  state  that  he  is  "subject  to  styes,"  that  "the  edges  of  the  fida 
[teoome  red  and  sore,"  and  that  "  the  eyes  feel  hot.  dry,  and  uncomfort- 
able."    To  him.  all  objects  may  appear  sharp  and  remain  clear.     Mua- 
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cular  astlionopia  may  not  ho  romplnineil  of.  These  statement*  prove,  in 
i]]4>atFure,  tlint  botli  the  ititSTi-oculiir  muscles  ami  extraocular  muscles  iirc 
in  iioi-mul  Itnlunce  and  proper  working  onler,  and  that  the  Iiruni  of  the 
disiurbnnce  mid  discomfort  has  fullen  upon  the  r«l»te<]  liesuea.  These 
are  uauttlly  ihc  instances  in  vrbich  low  grades  of  iiilni-ociilHr  irritatiun 
and  inrtammation,  with  ubnonnal  degrees  of  astigmatiRm  at  peonlinr 
angles,  are  prevalent. 

Freijuently,  a  weak  and  overworked  cliild  is  brought  coinplniiiinj;;  of; 
progresgive  inability  to  see  objects  upon  the  black-board  at  school,  asso^ 
cisted  with  the  noceeaity  of  bringing  bis  books  much  cloaer  to  the  oyos 
than  formerly.  The  mother  has,  perchance,  also  noticed  that  the  child 
Dips  itfl  lids  togelber  in  urder  tti  attain  inoi-f  distinct  vision.  Upon 
inquiry,  the  surgeon  tind?*  that  other  menibt»rs  of  the  family  wear  glasses. 
or  that  some  blood-relations  arc  wiid  to  have  been  "near-sighted."  Here 
is  the  usual  history  of  n  niyojie. 

Again,  a  boy  or  a  girl  with  a  history  of  inflammation  of  the  eyea 
during  infiincy  or  vhitdlioud,  comes  upon  account  of  increasing  indis- 
tlnctnew  of  both  far  and  near  vision.  Objccls  ajipear  hliirred.  ami  even 
dintorted,  no  matter  at  what  di«lance  they  are  situated.  The  lids*  and  the 
eyes  ihemselve*  are  more  or  lesa  uncumfor table,  dry.  and  irritable.  In- 
tense cephalalgia,  occurring  more  [larticularlv  during  attempted  near- 
work,  sometimes  aggravjited  by  reflex-disonier.s  and  even  by  mental 
peculiarities,  appears.  In  such  a  ease,  the  surgeon  is  probably  dealing 
either  with  some  gross  pathological  change  or  with  some  form  of  ustig- 
taatism,  in  wbich  nil  kind»  of  curious  re^ex-changes  appear  in  eonjie- 
quencc  of  .strnin  and  over-fxeruon  of  an  abused  and  iuigierlect  orgiin. 

Each  case  presents  its  peculiar  grouping  of  symptom!! ;  each  patient 
gives  expression  to  his  difficulty  by  some  peculiar  sign.  Let  attention 
be  directed  toward  one  of  these  types,  and  then,  by  a  number  of  well- 
directed,  leading  <|uo«iions,  the  surgeon  will  obtain  the  dceired  answer 
without  troubling  himwlf  much  about  a  series  of  long,  mmhling  asser- 
tions to  which  tie  may  uccaHJonatly  be  compelled  to  listen.  Sometimes, 
eapeeially  in  low  gmdeH  uf  compound  hypenneiropic  astigmatism  in 
children  where  the  astigmatism  i«  marked,  many  of  these  conditions 
may  be  simulated  by  an  undue  and  persistent  action  of  the  ciliary 
muscle  keeping  vnrylng  degrees  of  lens-Bi:tion  more  or  leas  constantly 
at  work,  associated  at  times  with  disturbed  extra-muscle  balance.  This, 
however,  may  often  he  made  evident  by  an  examination  of  the  eye- 
ground  with  the  upright  imago,  and  can  always  he  brought  to  light  by 
the  continued  employment  of  a  strong  mydriatic,  such  as  atropine. 

Having  obtaine*!  the  family  anil  personal  history,  it  will  \)v  found 
most  convenient,  first,  to  determine  the  vinual  acuity  for  each  eye  sepa- 
rately, taking  care.  In  so  doing,  that  the  lids  are  kept  wide  open.  The 
student  should  proceed  in  the  manner  just  explained.  In  (his  way  the 
visual  sense  is  examined,  not  oulv  that  it  may  give  information  as  to  the 
power  of  the  m'usory  material  of  the  visual  apparatus,  but  also  that  It 
may  afTonl  a  cine  to  the  Index  of  refraction.  It  can  be  readily  under- 
stood that  an  eye  may  have  indistinctnetts  of  distant  vision — a  lowering 
of  viaual  acnity — thpiugh  either  faulty  sensory  structiii-es  or  improper 
focussing  material.     It,  therefore,  becomes  necessary  to  differentiiite  the 
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cwu  condUious,  If  desireil,  this  can  be  clone  by  Jirecting  the  patient  to 
look  at  tlie  distant  type  through  a  pin-hole  in  a  blnclc  dinphragm  placed 
before  the  eye.  If  the  letters  become  clearer,  and  the  patient  is  enabled 
to  Boe  smaller  type,  it  is  probable  that  the  student  is  deulin>i  merely  with 
^rvfraciive  error.  If  there  h  no  change  in  the  acuity  of  vision,  the  prob- 
ibility  is  in  favor  of  other  orgmiic  disease. 

AMuming  that  the  surgenn  has  thus  fniirid  the  case  to  he  one  of  refrac- 
tive error,  it  becomes  necessary  for  him  to  understand  the  full  signifi- 
cance of  his  findings.    If  the  proper  line  of  letters  lias  been  read  without 
,  error  at  the  necessary  distance,  the  absence  of  any  disturbing  ametropia 
only  be  fairly  u^jtertcd.     In  sucli  an  instunoo,  he  is  eouipelted  to 
le  that  there  may  be  three  possible  conditions,  any  one  of  which 
^«Ui  exiat  without  exerting  a  detrimental  influence  upon  vitiicn :  eutiiie- 
tropia,  which  is  very  nire  and  generally  appears  as  an  evanescent  state 
between  Iiypernietropia  and  myopia   in  a  stretching  globe ;  hyperme- 
txopia.  wliicii  has  been  rendered  latent  by  compensatory  action  of   the 
Bccommodaiive  power  in  supplying  a  cori-ecting  miiterial  to  the  lens; 
mn*l.  lastly,  a  minor  degree  of  naturally  corrected  astignrntism,  or  an 
amount  so  slight  that  the  puticnc  i»  not  troubled  in  reudily  distinguish- 
ing the  ordinary  icst-type  at  the  distance  given,  without  the  aid  of  .on 
artiBcial  correctitig  tenii.     If,  however,  the  visual  acuity  should  tail  in 
the  lea.tt  below  normal  in  such  a  case,  there  is  manifestly  ^oiiie  functional 
or  real  error  of  refraction. 

The  surgeon  should  next  stud}''  the  range  imd  power  of  accommoda- 
tion of  each  eye  (see  page  166),  thus  obtaining  additional  tcstitnony  as 
10  the  character  of  the  refraction  and  further  determination  whether 
there  is  a  functional  or  a  real  Iruss  of  ciliary  and  lenticular  power. 
Should  the  patient  be  young,  and  have  the  nearest  point  of  reading  '■ 
removal  beyond  what  is  considered  to  be  natural  for  his  age,  suspicion 
should  he  directed  toward  a  liypermetropia  which  is  using  accommoda- 
tive power  for  the  preservation  of  distant  vision — ^lu  oilier  words,  a 
decrease  of  the  region  of  accommodation  through  a  functional  use  of 
ftccomniorlative  power.  Shytdd  the  far-point  of  rending  be  brought 
nearer  than  ordinary,  thr  surgeon  ih  to  suspect  either  a  true  or  a  func- 
tional myopia,  whicti  prrmit.H  the  letters  to  be  recognined  only  at  a 
shorter  distance  ihan  normal ;  here,  although  the  power  of  accommoda- 
tion is  intact,  as  shown  by  the  proper  situation  of  ttie  near-point,  the 
region  or  position  of  action  is  limited  by  the  disturbing  refractive  error. 
Should  the  type  appear  indistinct  at  any  point  throughout  the  region  of  ^ 
accommodation,  it  is  presumable  that  there  is  an  ineifualitv  of  focussing 
in  the  diSerent  portions  of  this  range — that  is  lu  aay.  thvre  is  astigmatism. 
As  has  been  cvplained  in  another  part  of  this  work,  regular  astig- 
matism assumes  its  greatest  and  its  leii-st  curvature  in  two  tneridinns, 
termed  the  principal  frtm(/ta»tr.  which,  as  a  rule,  are  at  right  angles  to 
each  other,  and  which,  of  course,  will  gi%-e  the  best  and  the  most  defec- 
tive vision  in  these  two  axes.  This  may  be  taken  advantage  of  by 
directing  the  patient  to  look  at  a  disk  or  card  which  has  a  scries  of  long, 
tbin,  equally  black  radii  printed  or  engiitved  upon  it.  The  best  for  this 
purpose  is  eitlier  the  cluvk-face  card  ot  Green,  or  the  long,  uarrow 
lines  of  Wallace.  The  test  tieing  hung  upon  the  wall  at  the  ordinary  test- 
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type  distance,  aDil  one  eye  being  irieil  at  a  time,  the  pntient  is  requested 
to  state  which  is  the  clearest,  the  blackest,  nnd  the  most  distinct  line. 
Comparing  this  with  the  Hue  at  right  aDglos  to  it,  and  noting  it  in  the 
record,  the  «tirj;eon  will  often  ohtjiin  valuable  t*ubjectire  diita  ba  to  the 
tueridinnst  of  gn-Htett  and  lea^it  disturbatice.  Advantage  may  also  be 
taken  (>f  the  mistakes  made  during  the  reailins  of  the  test-typei — liie 
miRCAlling  of  letters  which,  by  astigmatism,  simalate  othere,  g<*>Tig  quick 
answer  as  to  the  faulty  meridians. 

L'pon  account  of  senile  changes,  through  which  the  lens  becomes 
denser  and  less  elastic,  and  the  ciliary  muscle,  like  al)  other  muscular 
titHuuH,  weaken!^,  the  c»niliti(>ti<t  vary.  An  both  the  mvo|)e  and  the 
hypenneirope  grow  old,  their  near-points  hecome  removed;  tbeir  focus- 
sing B|]p»r«tU!f  becomes  weaker.  Both  region  und  power  of  acconuBoda- 
tioii  lessen,  whiUt  the  rcti'active  error  becomes  more  and  more  toanifest* 
until  at  last  there  may  he  absolutely  no  range  of  action,  and  the  patient 
is  compelled  to  read  at  his  fer-point  alone,  which  can  be  done  only  by 
the  myope.  Not  only  docs  astigmatism  hccomo  more  apparent  through 
a  lessening  of  cilinrv  action,  Hut  a  new  astigmatic  factor  may  arise 
through  uiieqiiiil  (hickenings  and  differences  of  increased  density  in  the 
various  portions  of  the  lenticular  apparatus. 

The  surgeon  should  next  examine  the  extornnl  condition  of  the  organ 
and  the  surrounding  parts.  He  should  note  the  shape  of  the  skull  and 
the  relative  situation  of  (he  orbits.  He  should  look  for  any  discrepaucy 
in  the  level  of  the  two  orbital  oavitifs.  He  shoutd  -"i-arch  for  any  ine<iu»lity 
in  the  size  and  shape  of  their  external  borders.  He  should  .ice  if  tbepju- 
pebral  tisitures  are  identical  in  their  long  axes  and  .-u'e  similar  in  length, 
and  notice  if  the  eyes  themselves  appear  of  different  size  orunequal  shape. 
All  these  points  will  serve  as  important  data  for  determining  the  proba- 
bility of  the  presence  of  astigmatism,  antimctropia,  and  anisometropia. 
He  should  next  see  if  the  corneal  refle.te.*  are  regular.  To  do  this,  the 
patient  is  to  be  placed  before  a  window  a(  a  few  meters'  di&Umce  from  it, 
and,  whilst  he  is  made  to  look  at  the  rectangular  barn  of  the  window-frame, 
heisto  be  told  to  move  bis  eye  in  vanous  directions.  By  closely  observing 
the  changes  prwluced  in  the  shape  nnd  size  of  the  corneal  image  of  tlie 
bars  as  they  are  reflected  from  the  difl^erent  portions  of  the  membrane,  the 
surgeon  will  soon  be  able  to  form  a  very  good  notion  as  to  the  presence 
of  regular  or  irregular  corneal  iistigmatism:  the  rectangles  being  short- 
ened in  the  meridians  of  greatest  curvature.  If  further  and  better  evi- 
dence be  wished  for,  recourse  may  be  hud  to  Pkcido'^  disk,  or  to  one  of 
the  many  forma  of  keratometers,  or  ophthalmometers,  .w  they  are  called, 
which  will  be  described  later  on.  The  apparent  length  of  the  antero- 
posterior iliamcter  of  the  globe  must  be  studied.  To  do  this,  the  surgeon 
should  •lirect  the  patient  to  look  as  far  to  tlie  nasal  side  as  possible  with- 
out  moving  his  head.  This  done,  tlie  patient's  lids  should  be  separated 
with  the  thumb  and  fingers,  without  pressing  upon  the  eyeball,  and 
observation  made  whether  the  apparent  distance  between  the  summit  of 
tbe  cornea  and  Uie  probable  poaiiion  of  the  etpmior  of  the  organ,  is  long 
or  short.  If  it  appears  long,  and  il  the  anterior  portion  of  th«  eye  is 
prominent,  the  probability  is  in  favor  of  myopia :  if  it  seems  short, 
hypermetropta  is  probably  present. 
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As  h*9  be«n  already  expUined,  the  she  of  the  pnpil  bears  an  impor* 

tant  relation  to  botb  the  refractive  condition  and  the  state  of  accommo- 

dation.     Independently  of  any  pathological  diBturbance,  it  is  always 

found  much  Urj;er  in  near-aight«dne*8  than   in   euimetropia  or  iar- 

sighleilneeit — »  fact  that  wa8  known  Ion>;  before  Poi'terHebiV  ingenious 

&tid,  in  many  respects,  correct  description.     Irregularity  and  relative 

ine<.iuality  of  pupil,  also  independently  of  local  change,  and  assoeinted 

nerve  or  vascular  lesion,  are  oi  more  fretiuent  occurrence  than  is  usually 

note<],  and  may,  in  a  measure,  denote  some  idiosyncrasy  of  refractive  or 

iccomniodative  chanj^c.     Hi;"!!  dej;reea  of  asti^mntisni.  witii  their  vari- 

}QS  axes  of  hotter  viaion.  give  rise  to  cniTcsponding  changes  in  diffiTcnt 

>rtion8  of  the  iriti  innervation  ;  while  anisuuietrupia  and  antiuielnjpia — 

Feepecially  the  latter — are  made  more  apparent  b^  the  unequal  size  of  the 

lupila. 

This  done,  attention  is  to  he  devoted  to  the  action  of  the  trideu,  both 
in  separate  and  in  conjoined  action.  The  niles  given  on  page  178  are 
tn  be  followe*],  whilst  the  close  connection  between  the  action  of  the 
ciliniy  mnscle.  the  iris  muscle,  and  the  converging  muscles  of  the  eye- 
ball, in  binocular  refraction  and  accommodation,  is  to  be  remcrabcTed. 
Hotinnof  their  disasiiociated  reaction  to  light-suioulus  and  accommoda- 
tive effort  should  always  be  made,  and  Ktndy  of  tbetr  usociatt'd  im[>ulHes 
lo  effort^  at  convergence  should  always  be  undertalten :  for  by  these, 
'  not  only  are  the  conditions  of  the  vurious  sensory-motcr  arcs  ascertained, 
but  also  further  answer  is  obtained  as  to  the  character  of  refractive  error 
and  the  power  of  single  and  combined  focussing. 

If  the  patient  bus  worn  glasaca  for  any  length  of  time,  the  fittings 
should  be  looked  at.  The  nurgeon  should  observe  whetlier  the  plane  of 
ithe  leiiii  has  been  bent  away  from  the  plane  of  the  juitient's  face.  He 
should  see  if  there  has  been  any  vertical  tilt  given  lo  the  lenses,  since 
ofleu  the  most  important  data  as  to  the  meridians  which  the  patient  pre- 
fers to  use,  can  be  thus  obtained.  Frequently  the  author  has  carefully 
studied  the  faulty  appearance  in  the  fittings  of  improper  lenses  caused 
by  the  repeated  ofibrts  of  the  patient  to  bend  bis  spectacle- frames  in 
such  a  manner  tliat  he  may  see  better,  and  has  been  rewarded  by  much 
valuable  information  &i  to  the  exact  placing  of  a  cylinder-axis.  At 
timis,  patients  voluntarily  state  that  there  is  a  decided  gain  in  looking 
excentrically  through  their  lensc.<t:  in  such  caftcit  we  should  always  sus- 
pect some  uncorrected  ametropia,  especially  astigmatism. 

Thus  far,  however,  the  results  have  hecn  uncertain.  The  student 
has  been  compelled  to  depend  upon  the  patient's  assertions  and  actions 
for  the  answer  to  bis  tjuest.  There  baa  been  nothing  absolute.  Every- 
tfahig  has  been  erjuivocal.  At  the  same  time,  the  task  lias  been  com- 
paratively easy,  and  no  instrument  of  precision  has  been  required. 
Anyone  with  moderate  skill  and  patience  can  get  the  same  answer.  It 
is  to  the  meaning  of  each  grouping  of  symptoms  that  he  mu.'^t  give 
careful  attention,  and  to  the  combined  picture  that  he  must  devote  his 
study.  After  having  carelully  done  this,  and  formulatctl  a  fair  con- 
ception of  the  significance  of  the  findings,  he  should  proceed  to  the  more 
positive  objective  methods  which,  properly  employed,  give  definite 
dcicnnination  of  the  sought-for  error.     The  foremost  among  these  is 
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the  ophthaltntwcope.  It  must  be  used  in  ever^v  case.  Nothing  can  be 
legit iinateljp'  done  without  it.  The  eye-ground  must  be  seen.  How 
foolish  it  would  be  to  attempt  to  correct  tbe  faulty  physiologioul  action 
of  a  sinicturo  without  first  loolcinj;  at  it  in  its  entirety !  The  error 
may  be  guessed  at,  or  even  deteruiined,  but  the  interior  of  the  organ, 
where  the  (lioptrie  ap|)ai-atu!*  and  the  sensory  material  ore  situated, 
flliouM  be  seen. 

The  study  of  shadows  and  light-retiexes,  us  in  the  excellent  funduA- 
refiex  test  (see  special  chapter),  can  now  he  maile.  so  iis  to  obtain  a 
more  distinct  iden  of  the  character  and  amount  of  the  supposed  re- 
fraction and  accominudrttion  oiTors.  These  results  should  be  reoorded 
as  a  part  of  the  clinicHl  findings  of  tbe  caae.  It  is  not  this  alone,  bow- 
ever,  that  is  wanted.  Tbe  object  is  to  kuow  at  once  whether  the  error 
is  a  remediable  one,  or  whether  tliere  m  a  disturbing  intra-ocular 
change.  This  object  can  be  properly  attaineil  only  by  the  use  of  ihe 
refmction-ophthnhnoscope. 

Prt-ferably.  if  possible,  the  slutlent  should  hegin  with  the  upright 
image,  becjiixse  by  it  he  obtains  n  double  result  in  not  only  ascertaining 
the  presence  of  any  intra-ocular  puiliulogical  change,  but  also  in  being 
at  once  made  acquainte<l  with  the  nature  and  amount  of  the  refaction. 
He  shoulil  make  himself  thoroughly  conversant  with  its  use.  In  such 
testing,  he  shonhl  always  endeavor  to  keep  the  instrument  at  a  fixed 
distance  (preferably  about  thirteen  nr  fourteen  milliineLcrs)  from  the 
observed  eye — the  position  of  the  anterior  or  first  principal  focus,  which 
is  that  ordinarily  assumed  by  the  lenses  in  the  test-frame  and  A|tectacl«a. 
Always,  if  possible^  he  should  employ  the  concave  mirror,  reducing  the 
strength  of  the  light-siimnlus  if  he  desires  weaker  illumination.  He 
is  to  U!«e  that  glass  in  the  sight-hole  which  gives  the  most  distinct  view 
of  the  fundus  that  he  ilesires  to  i^tudy.  remcmheriiig  to  utje  the  strongest 
plus  lens  and  the  weakest  minus  lens  for  this  purpoHC.  Kepeating  this 
experiment  sufficiently  often  to  get  rid  of  any  feeling  of  effort,  he  will 
at  last  be  rewanied  by  finding  himself  able  to  see  best  the  desired 
portion  of  the  eye-ground  with  the  lens  that  represents  the  refraction 
of  tho  eye  at  that  situation.'  Two  positions  upon  the  fundus  are  geu- 
erally  sought  for.  The  first,  which  is  the  easier  to  obtain,  but  which 
really  does  not  rei)resent  the  point  desired,  is  the  disk  and  its  edges. 
The  other,  wliich  im  i^uite  difficult  to  see,  especially  in  Ihe  adult,  is  the 
region  of  the  macula  lutea,  this  being  the  part  of  the  eye-ground  that 
is  used  by  the  patient  for  direct  vision. 

In  the  student's  early  studies,  both  regions  should  he  loukeil  nt,  so 
that  not  only  may  a  comparison  in  each  instance  be  niade,  hut  .ilso  tlint 
he  may  become  aufficienily  adept  in  each  ti>  use  afterward  one  or  iJie 
other  position  in  any  particular  oa^e  desired.  On  account  of  the  great 
area  of  fundus  covured  by  tbe  disk,  it  serves  as  an  excellent  surface 
upon  wliich  to  compare  the  distinctness  of  its  dilTerent  ]iortinns.  Just 
as  the  fine  radiating  lines  of  tbe  astigmatic  canl  are  so  fashioned  that 
the  least  indistinctness  of  vision  in  any  particular  meridian  of  an  eye 
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is  made  subjectively  mAnifest,  so  in  tbe  eye,  there  ie  an  area  whici]  has 
a  •eries  of  Uoce- — the  capillaries,  the  small  rctinAl  vessels,  or  even  the 
retinal  atrmtion  at  the  border  of  the  disk  {if  not  too  pronounced  upon 
certain  ^ges) — running  in  every  direction,  and  so  nearly  alike,  that, 
>*itli  ihe  capillariiw  and  llie  hirger  veSBels,  especially  their  liglit-streaks, 
they  may  be  made  tn  serve  as  important  teste  for  the  objective  ileter- 
mination  of  astigmatisiD.  By  careful  focussing,  the  surgeon  will  find 
that  the  lens  which  renders  any  one  scries  sharp  and  distinct,  will  cause 
those  at  generally  a  ninety>degree  difference  of  axi«,  to  appear  dull  and 
diifu^e:  just  us  if,  in  an  iropt>rfcct  microscope,  the  (ine  lines  of  diatom 
placed  H[)on  its  stage  jdiould  hi!  rendered  more  or  less  dear  by  a  i^uarter- 
turu  of  the  eye-piece,  lie  is  to  remember  that  this  portion  of  the 
fundus  is  usually  a  little  in  advance  of  the  other  parts  of  the  eye- 
ground,  and  that  the  vessels,  and  the  thickened  fibres  and  striated  retina, 
way  be  <|uite  irregular  and  unequal.'  It  must  not  be  forgotten,  also, 
that,  npon  account  of  the  many  anatomical  abnormalities  and  patho- 
logical peculiarities,  the  ediape  uf  the  disk  cannot  alone  be  depended 
apon  in  the  o|ihthalniiiMC(>pii>  de term i nation  of  the  presence  of  astigma- 
tism. If  passible,  it  id  much  better  for  the  student  to  acquaint  him- 
self with  the  condition  and  appearance  of  the  chorioid  in  the  macular 
region.  As  has  been  said,  this  is  the  more  difficult  task  of  the  two; 
and  if  sufficient  practice  in  the  method  be  not  obtainable,  he  may 
arrive  ai  a  very  fair  approximation  aa  to  the  amount  of  error  by  con- 
6niDg  his  estimations  to  the  6ne  capillaries  of  the  disk,  making  special 
Atudj  of  lliuiie  situated  on  its  temporal  aide  and  at  the  long  and  short 

Let  it  be  supposed,  then,  that  he  has  made  himself  emmetropic,*  and 
that  he  has  acquired  the  ability  to  use  the  ophthalmoscope  with  total 
relaxation  of  his  accommodation  U|>  tn  this  point,  he  nas  carefiilly 
e:(amined  the  patient  with  hut  ouc  iastrument  of  precision.  Using 
now  the  ophthalmoscope  in  the  way  dii^ected  on  page  212,  he  will  cause 
its  focus  to  fall  tbroush  succesaive  levels  of  the  examined  eye  until  the 
fundus  is  reached.  If  the  eye-gmund  be  indiatinctly  seen  when  there 
is  no  correcting  lens  back  of  the  mirror,  the  patient  is  certainly 
anietropic.  Thus,  in  Kig.  108,  the  observing  emmetropic  eye.  E,  placed 
behind  the  ophthalmoscopic  mirror,  m,  looks  through  the  hole  of  tlie 
iiutrament  at  the  observed  emmetropic  eye,  b',  with  parallel  rays 
which  have  emerged  from  the  fundus  of  the  observed  eye  just  as 
though  this  latter  were  placed  at  a  great  distance  before  it.  As  the 
observing  eye  is  emmetropic,  it  should  focus  these  parallcd  mys  upon 
its  retina,  and  obtain  a  distinct  view  of  the  fundus  nf  tlie  rthst-rved  eyo 
ivithodt  the  interposition  of  a  correcting  lens  behind  the  mirror.  This 
■will  be  clearly  understood  by  reference  to  fig.  168.  The  rays  of  light 
from  the  candle,  h,  which  fall  in  a  divergent  manner  upon  the  concave 
mirror,  m,  are  reflected  so  as  lu  impinge  upon  the  observed  eye,  k',  in 
a  convergent  manner,  and  are  brought  to  a  focus  in  the  intei^or  of 


'  TiM  aathor  hiu  mva  •  dlinnreiKi.'  uf  Mwral  illnpten  bntwf«n  Iho  lnTi>l>i>f  ihii  tnnFuIiir  and 
dlak  RKbn:i  of  an  oihitrwlac  tiMllhy  «yc. 

>  tl  bu  nni  ttmn  thoujflit  DCeoanry  to  rt«k  (xiTiAiflnic  Itie  •inilcint  by  nn  o^lanalli^n  of  Ui< 
ehoncM  pcodnml  by  hitiawn  anrtrnpla.  Ht:  ahiTiitli)  corruct  hUourn  error.  eaperlaUf  IT  ttien  tft 
■»tlcmBU«ni,  «o>l  vmiiivv  the  cgmsettMU  <1  urine  ttivo|>hiilin1iiKNCDiilvMainlniiU«n. 
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the  eye  »t  k.  They  then  cms^  ami  make  a  small  focal  area,  a  b.  od 
the  retinal  plane.  From  all  portions  of  this  illuminated  retinal  plnoe, 
rays  proceed  outwnrd,  and,  if  the  oje  be  cmnietropic  and  unaffected  by 
aouommodatiTe  effort,  must  leave  it  in  a.  parallel  diroctioo,  as  shown  by 

Fig.  iw. 


Dinwtlon  or  ny*  of  light  by  Uw  dJreol  mclliod  In  emBMUopta. 

the  dotted  lineii.     These  raya  poM  through  the  sight^holc  of  the  in- 
Btniment.  m.  and  strike  the  observer's  eye,  E,  which  now.  if  that  eye* 
be  emuieiropic  and  unaffected  by  accommodfttion,  brings  them  to  a 
focvi8  upon  its  retina. 


Pio  wa. 


E' 


DlKcltiiHnf  rajmof  light  tif  the  direct  niftlioil  Id  tiyiirniii.-lnipta- 

Should  the  observed  eye  be  hypcrtDetropic — iliat  is.  should  it  be  too 
short  or  have  insufficient  focuiHiug  uiaterial  iu  its  uitoro-poeterior 
diuoieter — it  will  not  be  able  to  emit  parallel  rays  to  the  observing 
eiDiDctropic  eye.  Thus  in  Fig.  169,  the  convergent  ray«  from  the 
ophthalmvacope,  as  before,  theoretically  come  to  a  focus  at  F«  which 
now,  liimever.  is  situated  much  further  bftck  in  the  interior  of  the 
observed  eye,  k'.  In  fact,  there  is  less  of  a  focus  than  before.  The 
observeil  eye  is  not  adapted  for  the  eiucrgcncc  of  parallel  rays.  It  ia 
BO  weak  in  its  refractive  apparatus  that  it  is  able  to  focus  only  already 
convergent  rays,  aud,  in  uouseiiueiice,  the  emergent  rays  from  such  a 
focii^  must  leave  the  eye  in  »ii  eijually  divergent  maniior.  A  glance, 
at  Fig.  169  will  explain  this.  Here  the  reflected  and  refracted  raya 
from  the  candle^flame,  [,,  come  to  the  focus.  F.  Upon  account  of 
tlie  observed  eye.  e',  being  too  short  in  its  antero-pusterior  diameter, 
the  ilhiroinnted  focus-area,  A  it,  is  much  smaller,  and  the  divergent 
emerging  rays  have  insufficient  focussing  material  to  bring  the  dotted 


KRRORS    OP    REFRACTION    AND    ACC03I UODAT  ION .       243 

lines  of  exit  into  paralleligm.  They  pass  through  the  sigbt-hole  of 
the  mirror,  m,  ami  reach  the  observing  eye,  E,  in  a  divergent  manner. 
If  the  observing  eye,  e,  be  emmeiropio  and  docs  not  use  any  accommo* 
daCiTe  action  to  increase  its  focutsJng  |wwer,  it  will  be  too  weak  to 
focus  such  rays  upon  its  retina,  and  in  eotisecjncnce  there  will  be  cither 
a  blurred  picture  of  the  obaerveti  fundus  or  no  picture  wliatever.  To 
make  the  fundus  of  such  an  observed  eye  clear  and  plain,'  it  will  be 
neceaaary  to  wheel  a  convex  lens  behind  the  mirror  until  the  divergent 
beams  coining  from  the  observed  eye,  k',  arc  strcnglheued  into  suffi- 
cient parallelium  to  fall  upon  the  emmetropic  plane  of  the  observing 
eye,  B.  Thus,  in  Fig.  170,  the  convex  lenu,  c,  situated  behiud  the 
mirror,  m,  renders  the  divergent  rays  from  the  observed  eye,  a',  suffi- 
ciently conrergeni  (really  parallel)  to  fall  upon  the  emmetropic  plane 


Fia.  170. 


E* 


DireoUou  oT  nji  of  light  bj  Che  direct  method  In  ouneded  tiypMinetmpla. 

of  the  observing  eye,  e.  Id  other  words,  the  convex  lens  situated  in 
front  of  the  observing  eve,  represents  the  relative  want  of  focussing 
material  in  the  observeil  eye.  It  determines  the  degree  of  so-called 
corrected  hypcrmetropia. 


Fw.  m. 


E' 


DLrecUon  d  mr*  of  Uuin  b;  thg  direct  metbod  In  mfopiB. 


Should  the  observed  eye  be  myopic — that  is,  shotild  it  be  too  long  or 
should  it  have  too  much  focusi^ing  material  in  itii  antero- posterior  diam- 
eter— its  emergent  rays,  instead  of  being  parallel,  will  be  convergent  as 
they  fall  ufion  llie  obaervingeye.    Hence,  parallel  rays  firom  the  observiog 

*  T]i«  f|u«Uflaor  IIm  coirecUng  luHucnco  of  oocomniotlntlan  h«>  tN-irii  alrMkdy  dlfCuaKd. 
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eye  which  are  necessary  for  distinct  distant  vision,  m  in  the  present 
case,  make  their  focus  in  the  interior  of  the  observed  eye  anterior  to  the 
myopic  plane,  and  there  is  no  clear  view  of  the  oyc-groumi.  Thus,  in 
Fig.  171 ,  the  solkl  lines,  during  their  piissage  through  the  observed  eye, 
b',  come  in  contiicL  with  more  ri)Ciis>tii]<T  muteriid  Uiiin  lieretDfore,  and 
in  onscriiience,  hihIcc  n  Inrgf^r  aren  nf  ilhimination  at  A  B  than  before. 
The  emerging  divergent  rays  from  the  retinal  point  in  this  sitoation,  as 
shown  by  the  dotted  lines,  have  the  same  incrense<l  amount  of  focua- 
fting  material  given  to  them.  This  extra  amount  of  refraction  causes 
the  emergent  rays  to  pass  out  and  impinge  upon  the  observing  eye,  E, 
in  a  convergent  manner,  which,  if  the  observing  eye  is  emmetropic, 
causes  them  tu  come  tu  a  focus  in  its  ioterior  and  not  upon  ito  fundus. 


I 


Fio.  173. 


DIrasdwi  of  T%T*  or  liffbl  by  Uic  dtiwt  m«Uu)d  In  corracied  mj-opU. 

Tn  other  words,  the  observed  cyo  is  so  powerful  a  focussing  apparatus 
that  it  rendcfH  the  observing  eye  incompetent  to  bring  the  too  strongly 
focUBsed  rays  which  have  entered  it«  interior,  upon  its  retinalplane.  The 
observed  eye  hjif  acted  as  an  over-correcting  instruineiit.  To  makt;  the 
fundus  of  snoh  an  eye  clear  and  sharp,  concave  lenses  mnst  he  wheeled 
Iwhind  the  mirror  until  the  convergent  rays  coming  Irom  the  observed 
eye  are  weakened  into  sufficient  divergence  (really  parallelism)  to  &U 
in  pro[>er  focus  upon  the  emnoetropic  plane  of  the  observing  eye. 
Thus,  in  Fig.  172,  the  concave  lens,  c,  behind  the  mirror,  m,  has  weak- 
ened the  convergent  mys  from  the  nhiwrvcd  eye,  k',  into  a  sufficient 
divergence  (parallelism)  to  fall  upon  tlte  emmetropic  plane  of  the  obncrv- 
ing  eye,  e.  riierefore,  the  concave  lens  at  that  position  in  the  air,  repre- 
sents the  relative  amount  of  excess  of  focussing  material  in  the  myopjc 
eye.     It  determines  the  degree  of  so-called  corrected  myopia. 

Should  small  associated  portions  of  the  fundus  situated  in  the  pos- 
terior pole  of  the  eye,  such  as  the  minute  vessels  in  the  vertical  and 
horizonltil  meridian.^  of  the  disk,  or  the  chorioitlal  epithelium  in  the 
vertical  and  horizontal  a.Tes  of  the  macular  region^  require  diflcrcnt 
lenses  in  the  ophthalmoucD})e  to  render  them  equallv  distinct,  it  will  be 
understood  that  the.se  jiarta  of  the  funduH  are  placefl  upon  diflerfmt 
planes— that  they  have  different  foci.  Thus,  under  the  cotidition.s  just 
given,  should  the  vertical  curves  of  the  retinal  vessels  and  the  lateral 
borders  of  the  disk  be  seen  with  a  convex  lens,  and  the  horizontal  curves 
of  the  retinal  vessels  and  the  superior  and  inferior  margins  of  the  nerve 
be  seen  with  a  concave  lens,  the  presence  of  mixed  astigmatism  with  the 
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mjopia  ia  the  Dinety-dc^i'cc  lucridiun,  can  be  assumed.  If  both  series 
Ckf  tesb-objccts  be  seen  with  diffbreiit  convex  or  concwe  lenses,  there  is 
compound  hypennetropic  utigmatiem  or  compound  m^'Opic  aittigmutism 
— tliy  lueriitiitn  of  tbe  greater  error  of  refractiuii  being  iisiiultjr  situiited 
at  right  angles  to  tbe  meriiHnn  requiring  tbe  stronger  lenH  behind  the 
mirror,  if  one  series  of  tcst-objecta  be  seen  without  nny  correcting 
loDB,  there  \b  either  simple  bvpermetropic  astigmutisiu  or  simple  myopic 
astigmatista.  according  aa  a  convex  or  a  concave  lens  is  required  to  cor* 
recc  tbe  opposite  meridian. 

It  will  be  xcen  from  these  several  «xample!(  that  the  distinctness  of 
tbe  intra-ocular  test-objecls  denotes  that  the  ecjuivalenl  refractioa  is  in 
the  opponile  meridinn.  To  many,  this  may  seem  perplexing,  hut  it  will 
become  plain  when  it  is  considered  tliat,  althougb  the  lateral  borders  of 
the  disk  and  tbe  vertical  curves  of  the  vessels  extend  vertically,  yet  the 
distinctnoas  of  tbe  lines  depends  upon  their  width,  which  is  determined 
by  tbe  curvature  of  tbe  borizontBl  meridians. 

ir  tbe  surgeon  ho  ilesire,  be  can  r^tudy  tlie  ttltape  of  tbe  retinal  image 
of  some  regularly  formed  opaque  body,  sucb  as  a  revolving  aeries  of 
tliread.1  placed  at  right  angles  to  one  another,  situated  between  tbe 
.Bource  of  illumination  and  the  mirror.     If  astigmatism  be  present,  the 

tage  of  tbe  tbreadii,  which  can  be  made  to  fall  in  any  direction  upon 
uxy  desire<i  [lart  of  tbo  retina — preferably  the  macular  region — will 
appear  blurred,  and  eren  dislorled.  in  certain  meridians.  To  detei-mine 
this  more  accurately,  tbe  most  smotropic  meridian  found  can  be  corrected, 
and  constantly  compared  witli  tbe  one  containing  tbe  least  nniount  of 

fractive  error. 

no.  173. 


l.luMof  myiof  UglK  by  itiv  iiulLrfvt  ourtliod  lu  CDUDotropla. 

There  are  some  cases,  notably  of  high  myopia,  in  which  it  becomes 

Itieoessary  Ut  resort  to  tbe  indirect  method  for  better  answer.     In  this 

yUn,  as  has  been  seen,  an  inverted  nerinl  image  of  a  large  portion  of 

'the  cye-gFouod  is  made  to  appear  in  from  of  a  bi-convex  lens  placed 

between  the  opbthnlmcscope  and  the  patient's  eye.     Although  it  is  by 

no  means  so  valuable  as  the  former  method,  yet  tbe  t»tadeDt  should  have 

a  hill  theoretical  and  practical  knnwledg4>  of  its  workings,  so  that  should 

any  ease  arise  that  demands  its  use.  he  laay  be  ready  tn  employ  it.     Tf 

the  observed  eye  be  emmetropic,  the  inverteii  image  will  be  practlcaily 

laituated  at  tbe  priin-ipal  focus  of  the  lens.     Tims,  In  Fig.  178,  the 

Ldotle<l  lines  procee<ling  from  b,  in  the  lower  part  of  the  fundus  of  the 

[obflerved  eye,  e.\  jmss  through  the  dioptric  apparatus  of  the  eye,  the  air, 
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and  tbe  bi-convex  lens,  c,  to  form  the  upper  portion  of  the  nerisl  imojie. 
b'  b',  aituatecl  on  a  plane  at  or  ncnr  the  focal  point  of  the  bi-conrcx 
lens,  c.  Likewise  tlie  dotted  lines  proceeding  from  the  point  a,  form 
their  aerial  point  uf  tIjH  niunE'  »i>riHl  image.  The  interveniDg  points  on 
the  directly  illuniirifited  rntina  of  th.*  onspn-ed  eye,  F.',  paii«  out  simi- 
larl^V,  and  comliuoJIy  produce  the  reverse  aerial  image,  b'  ■'. 

Should  the  oljserved  eye  he  hypermetropic,  the  aerial  imoge  will  be 
usually  larger  and  dimmer,  and  will  be  situated  much  farther  in  front 
of  the  bi-convex  lens.  Thus,  in  Fig.  174,  the  doited  lines  proceeding 
outward  from  a  and  b  arc  di\'ergent.     Such  lines  cannot  form  a  focus 

PIQ.  IM. 


DlreoUon  of  niyi  of  llgtit  tiy  Ui«  tmlireci  mvibod  [□  bFj»nnein>ttlft. 

in  front  of  the  eye.  because  tbe  farther  they  are  prolonged  outwardly, 
the  more  separated  they  become.  They  can  conifl  to  n  focuH  only  at 
theoretical  points  behind  the  eye  at  a  n,  which  are  made  by  prolonging 
the  divergent  line  backward.  By  means  of  thette  theureticai  points,  we 
obtain  oar  pictures :  this  is  done  by  interposing  a  bi-eonvex  lens  in  the 
path  of  the  divergent  rays  piu^sing  outward  from  the  eye,  which  causce 
ft  sufficient  bending  inward  of  the  rays,  to  produce  an  inverted  ai^rial 
image  at  b'  a',  situated  at  a  grea(er  distance  from  the  iirincipal  focu8  of 
the  lens  than  the  image  produced  without  the  lens.     '1  fie  reomin  of  this 

Fug.  its. 


p„._. 
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nncUon  of  ny^ of  Urbtb^  ilialndirwdiiciliMl  in  mruplD. 

is,  that  the  image- forming  lens  has  bad  a  more  difficult  task  to  perform 
in  focassing  the  divergent  r-iys  from  the  hypcrraotropit^  eye  than  it  had 
in  focussing  tbe  parallel  rays  fn)iii  the  emmetropic  eye.  This  difficulty 
leads  to  ^^reatcr  action  with  less  resulL  It  auiHes  a  less  marked  bending 
of  the  refracted  rays,  with  a  coneetjuent  longer  focus  and  a  larger,  less 
plain  ima^'e. 

Should  the  observed  eye  be  myopic,  the  inverted  image  will  be  ordi- 
narily small,  clejir.  ami  Hituated  within  the  principal  focus  of  the  image- 
forming  lens.  Thus,  in  Fig.  1 7,%  although  the  principal  focus  is  situated 
in  its  usual  plaoe  at  n,  the  rays  from  a  b,  in  the  myopic  plane  of  the 
observe*!  eye,  e',  upon  account  of  their  emerging  from  tlie  eye  in  a 
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convergent  manner,  cross  and  pass  outi^-arcl  in  llie  san^e  iiianncr  to  form 
inrerted  aerial  points  at  3.  «.  It  is  from  these  points  that  wo  obtain,  by 
the  use  of  the  bi-convex  lens,  c,  the  mnal!  image  at  h'  a'.  Here,  the 
bi-coDvcx  lens  couvorgei*  alri'aily  convorg^iit  rayn  ami  hringH  them  to  a 
short  focus  insido  of  its  principal  focns.  The  work  of  tlie  l^'ns  has  been 
compiimtivelif  easy,  and  the  result  has  been  greater  than  in  the  other 
two  instances.  Here,  there  is  a  small,  clear  inverted  aerial  image,  b'  a', 
of  the  portion  a  b,  of  the  fundus. 

Uaving  asevrtainod  the  thrive  positions  and  the  uomparativo  areas  of 
the  inverted  aerial  images — first,  the  emmetropic  image,  which,  upon 
iiccount  ot  the  lens  practically  focussing  parallel  mys  from  the  eye,  is 
eitualed  al  or  near  the  prirK-ipal  fofus  of  the  lens;  second,  the  Urge 
and  faint  hypermetropic  image,  whicb,  upon  account  of  the  divergent 
r»y!«  from  the  observed  eye  imposing  upon  the  lens  n  greater  task  and 
thus  not  allowing  it  to  act  so  veil,  is  situated  bevond  the  principal  focus 
of  the  lens  and  nearer  the  surgeon's  6\e ;  and  third,  the  Kmall,  clear, 
myopic  image,  which,  by  reaAoii  of  the  bi-convex  hna  having  hut  little 
work  to  perform  in  converging  already  convergent  rays  from  the  myopic 
eve,  ia  situated  near  the  lens  and  within  itjs  principal  focus — it  behooves 
the  student  to  determine  their  significance  not  only  aa  Hx&l  ratios,  but 
aUo  as  movable  quantities.  Should  the  image  remain  comparatively' 
QDohuiged  in  size  whilst  ho  moves  the  bi-convex  lens  backward  and 
forward  in  front  of  the  observed  eye,  cmmctropia  is  indicated  :  the  only 
change  being  that  the  furlEier  we  remove  the  lenn  from  the  observed  eye, 
the  less  area  of  eye-groimil  is  visible  and  the  more  feeble  hecunies  the 
illumination.  For  instance,  should  the  bl-coavex  lens  in  Fig.  ITS  be 
!<itniLted  more  forward  than  is  there  shown,  the  parallel  outgoing  rays 
will  still  remain  parallel,  so  that  no  matter  how  far  the  lens  may  be 
removed  from  the  eye.  e',  they  will,  if  it  be  sufficiently  large  in  area, 
fall  ftumllel  upon  its  surface  and  be  focussed  at  or  near  its  principal 
focus,  f.  Ordinarily,  however,  the  farther  the  lens  is  removed  from  the 
observed  eye.  the  fewer  will  be  the  number  of  parallel  rays  that  strike 
the  surface  of  the  lens,  and  the  les?  intense  will  become  the  illumina- 
tion, than  giving  a  less  brilliantly  lighted  picture. 

Should  the  image  become  siniiller  and  clearer  when  the  bi-convex 
lens  is  bronght  nearer  to  the  surgeon's  own  eye,  he  is  dealing  with 
hypermetropia.  If,  in  Fig.  174,  the  Ions,  c,  should  be  removed  to  a 
greater  distance  from  the  position,  a  b,  than  is  there  shown,  the 
emergent  rays  from  a  b  would  not  be  so  ditHcult  to  focus,  and  hence, 
aoooruing  to  the  law  of  conjugHle  fni.-i,  they  would  he  brought  to  a 
shorter  and  a  more  detailed  focus.  The  amount  of  the  decrease  in  the 
size  of  the  aerial  image  and  its  cjujckness  of  diminution,  are  thus  prac- 
tically in  due  proportion  to  the  kind  and  degree  of  the  refractive  error. 

Should  the  image  become  larger  and  dimmer  whilst  the  surgeon 
brings  the  lens  nearer  liis  own  cyc,he  is  dealing  with  aca.se  of  myopia. 
If,  in  Fig,  175,  the  bi-convex  lens,  c,  should  be  removed  to  a  greater 

■  TBe  author  wu  tbe  luallfrinic  WL>ni  "  cruntianuivf^lir "  bGQiuM\  ftltlicmich  ihere  i»  aa  actuAl 
sJuog*  In  Iba  aiJM  ot  ib*a>TlKi  lma(|i>  iijion  mnrtuitoiit  nf  Ui«  Innn  ami  >■}'«•,  yet,  *■  Biimntt  totU 
■u,  thenuDinbeuiapGiaKDt  eluiiiM.  ouaci^iiittfirihi;  mareim^int  <»f  the  posiuoti  uf  tbe  a<^rlal 
liBBK*  ii)i(in  uniT  own  t1«ubI  ail*  ;  the  lin«K«  iippfnrliqi  larjtttr  an  It  apprnaobca  oiir  ejv,and 
ik«raulits  upon  Tctndval,  IrrMpecUte  or  Ihi^  u|i1I(vl>  mjixliUon  a(  iho  iitevrrc^  tye. 
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distaiiL-c  from  tlic  observed  eye.  k\  the  rays  from  a  b  wouM  be  more 
difficult  to  focus,  and  hence,  just  m  before,  according  to  the  law  of  con- 
jugate foci  (page  130),  tbey  would  be  brought  to  a  longer  focuA.  The 
imngo  wouJd  be  removed  from  llie  lens,  and  the  aerial  Image  would 
beeome  fainter  and  larger — this  increajje  in  sixe  of  the  aerial  image,  and 
itt^  rapidiiy  of  eidargetiient,  being  in  exact  proportion  to  the  kind  and 
(degree  of  nmetrnpia. 

These  rules  may  be  applied  to  cases  in  which  any  particular  meridian 
of  the  eye-ground  indicates  a  change  in,  degree  or  kind  of  atnetn^ia. 
In  otber  words,  the  student  will  find  that  the  movement  of  the  bi-conrex 
lens  will  Hervc  n&  an  additional  method  for  the  determination  of  astig- 
matism. From  what  has  ju«t  been  aaid.  it  will  be  easy  to  understand  the 
few  following  principles.  When  the  bi-convex  lens  ia  brought  toward 
Uie  surgeon's  eye:  simple  bypennetropic  aaligniatistn  (Ah)  h  expressed 
by  a  diminution  of  size  of  one  meridian  of  the  neriul  image,  whilst  the 
opposite  meridian  remains  almusU  but  not  absolutely,  stationary  id  ^ize — 
the  meridian  of  movement  corresponding  with  the  nmetropic  meridian: 
sboiiM  the  uieridiaas  of  movement  decrease  e(|ufilly,  tlie  caee  is  one  of 
simple  bypermetropia  (H) :  should  both  meridians  decreaae  Jn  size,  bat 
one  more  decidedly  than  the  other,  there  ia  an  unequal  degree  of  hyper- 
melropia  iti  the  two  meridiaatt — tliat  is.  there  is  compound  hyperme- 
tropic astigmatitim  (H-{-Ah).  the  greater  Hmoiint  of  ametropia  being 
found  in  the  meridian  of  greater  diminution  of  the  aerial  image;  simple 
myopic  astigmatism  (Am)  is  shown  by  increase  in  size  of  one  meridian, 
whilst  the  opposite  meridian  remains  almost  sciitionorr — the  meridian 
of  ametropia  correisiMnding  with  the  meridian  of  ino'ease  in  eizeof  the 
aerial  image ;  simple  myopia  (IM)  is  nhown  hy  an  equal  increase  in  all 
the  meridians:  compound  myopic  astigmatism  (M-f  Am)  is  designated 
by  an  uneijual  increase  of  two  meridians  at  right  angles  to  each  other. 
the  meridian  of  the  greater  ametropia  being  equivalent  to  the  meridian 
of  the  greater  movement  and  greater  increase  in  siae.  Mixed  astigma- 
tism (either  Atim  or  Amh)  is  easy  of  recognition.  In  both  Ahm  and 
Amh,  there  are  increases  and  decreases  of  the  aerial  image  at  the  same 
tnomont:  in  the  former,  the  decrease  of  tlie  one  meridian  i^  greater  than 
the  increase  of  the  opposite  meridian,  whilst  in  the  latter,  the  increase 
of  the  one  meridian  is  greater  than  the  decrease  of  its  fellow. 

By  meiins  of  an  ordinary  spring  tape-metmure  fastened  at  one  end  to 
the  ophthalmoscope  and  at  the  other  end  to  a  stiff  graduated  rod  which 
holds  the  condensing  lens  at  an  unvarying  diatunce  from  the  eye  to  be 
examined,  all  the  necessary  meiumreraenta  cnn  bo  quickly  made  and 
read  olT  at  a  glance. 

In  all  thene  i^ludies,  il  \^  a  good  plan  for  the  student,  in  his  earlier 
work,  to  confine  his  attention  to  the  two  meridians  of  the  disk  itself, 
until  he  is  able  to  leave  ttus  questionable  portion  of  the  eye-ground  and 
approach  more  nearly  to  the  macular  region  of  the  fundus.  The  study 
of  the  disk,  however,  will  serve  him  in  helping  to  verify  or  correct  the 
Endings  of  asliginiuism  by  the  direct  method. 

The  student  now  knows  that  in  the  indirect  method,  the  aiiriul  image 
of  the  fundus  is  both  inverted  and  reversed,  and,  of  course,  the  disk 
itself  miisi  appear  so,  as  the  result  of  the  action  of  the  ohjecl-lens  held 
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m  (h«  sir  before  the  eye.  If  the  lens  be  held  within  its  focal  leDgth 
fmm  the  observed  eye,  it  does  more:  it  reverses  and  inverts  the  appnr- 
tnt  meridians.  Where,  for  instance,  the  disk  hea  been  enkr^d  into  a 
vertical  oval,  it  now  becomes  mogniOed  into  a  horizontal  oval,  showing 
by  comparison  with  the  direct  method  that  in  thtr  indirect  plan  the 
meridian  of  the  greater  refractimi  wirrefiponds  w  ith  the  sliort  axis  nf  the 
diat.  In  onler  to  nndrrstand  this,  the  student  has  only  tn  imagine  that 
"le  optic  disk  is  a  perfect  circle  and  that  the  dioptric  apparatus  situHted 
ith  front  of  it  ha^  a  j;retiter  amount  of  fooUBsiii<;  material  in  the  vertical 
laeridtan  tban  in  the  horizontal.  With  the  direct  method,  the  disk  will 
appear  more  niagnilied  in  this  direction  than  in  the  oppoaito,  and  in  con- 
ieqnence  it  will  iipp<yir  as  «  vertical  oval.  Ity  now  placing  a  strong  bi-con- 
.  »«Ieus  inside  oi'it»  focal  length  btsfore  the  observed  eye  and  remuving 
tleophthaluioBcope  safficiently  from  the  observed  eye  t^nllow  him  to  view 
the  aerial  image  situated  between  the  lena  and  the  ophthalmoscope,  the 
more  bi"hly  magnified  rays  of  light,  which  formed  the  vertical  meridian 
of  the  disk  in  the  direct  method,  will  strike  and  pass  through  the 
object-lens  very  divergently  and  come  to  a  short  focua  in  front  of  it. 
titua  prodncing  in  the  arrial  image  a  tiarrowing  of  this  meridian  of  the 
disk;  whilst  the  less  magnified  rays,  which  formed  the  horizontal 
meridian  of  the  disk  in  the  direct  method,  will  strike  and  pass  through 
the  object-lens  more  nearly  parallel,  and  come  to  a  much  longer  focus, 
thus  producing  a  broadening  of  the  previously  narrow  meridian  of  the 
disk.  Tlie  niic,  then,  is.  that  in  the  direct  nielliod  the  optic  disk  appears 
largest  in  the  direction  of  the  meridian  of  greatest  refraction,  and  in  the 
indirect  nietluid  it  appuarn  largent  in  the  direction  of  lea»l  refraction. 
Should,  therefore,  the  two  meridians  of  the  disk  appear  re^'ersed  in  the 
two  metboda,  the  student  may  feel  assured  that  there  is  a  (Lifference  be- 
tween the  foci  of  the  vertical  and  horizontal  planes  of  tliat  part  of  the  diop- 
tric apparatus — that  is.  that  there  is  astigmatism.  If,  after  careful  trial 
with  both  methods,  these  changea  do  not  take  place,  it  is  certain  that  any 
inequality  of  these  planes  [h  dependent  upon  the  roni  shape  of  theilisk. 
Id  some  caaeu,  »  third  methoil  ofTem  itself,  and  may  be  combineil  with 
tlie  other  two  in  any  instance  where  the  surgeon  firuls  such  a  proiiedure 
advisable.  It  is  known  as  the  jmiiiHi-imafff  tftt.sinti  will  be  explained 
in  detail,  w  as  to  make  more  readily  understandable  the  succeeding  test 
— ibe  fundus-reflex  test  (rctiniil  shadow-test) — which  so  greatly  depends 
upon  it,  and  which  is  of  so  much  importance  in  the  detection  and  estima- 
tion of  ametropia.  In  the  fundus-image  test,  the  surgeon  sttA  about  one 
meter  in  from  of  the  patient,  and  directs  him  to  gaze  at  a  distance  jii«t 
to  one  side  of  the  mirror.  The  surgeon  now.  placing  his  eye  behind  the 
aperture  in  the  mirror  and  throwing  the  beatn  of  tight  into  the  patient's 
pupil,  obtains  a  small  area  of  red  reflex.  If  the  awe  be  devoid  of  any 
error  of  refraction,  he  will  generally  fail  to  observe  any  details  of  the 
eye-ground.  The  most  probable  reason  for  this  is,  that  although  the 
emergent  rays  from  the  observed  eye  ])U88  out  parallel  and  should  form 
a  fcKUs  upon  his  own  retina,  just  an  shown  in  Fig.  li:18  (direct  method), 
yet  the  patient's  eye  is  «o  far  removed  from  his  own.  and  the  opening 
into  the  interior  of  the  patient's  eye — the  pupil — becomes  so  small,  that  he 
igDoree  the  deeper  level  of  the  fundu!),  and  unconsciously  focusscs  upon 
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tlic  pupillary  rdgo  of  thn  iris.     The  student  mn  understand  this  bj  no- 
ticing tlie  ilifTerence  of  fncllit^v  in  recognizing  a  distant  lan<liicaj>ethiwttk 
a  small  aperture  in  a  wall  when  tlie  eye  is  bruught  directly  up  to  (hebwc 
and  when  the  or>,'an  is  eltuHted  about  a  meter  aw&j.   In  the  first  instactt, 
the  eye  plainly  aces  tlie  distant  view,  whilst  in  the  second,  the  edgei  of 
the  bole  are  unconBciou«!y  focuased  for,  and  the  oatsido  piccnre  U  lost. 
If  the  surgeon'n  eye  be  euinielrupit:,  and  aliould  he  totally  relax  hnw- 
cnmniodation,  or  should  it  he  artiticinlly  paralyxed  by  a  mydriatic,  ihm 
lalting  away  its  focussing  power,  he  will  find  in  this  experiment,  that  he 
will  be  able  to  rccogtiize  clearly  the  outside  view,  wLrUt  the  details  of 
the  edge  of  the  aperture,  will  be  indistinct  and  hazy.    So,  too.  with  At 
patient's  eye,  his  fuudus  wilt  appear  clear  and  sharp,  nud  the  in»*edlge 
will  become  faint  and  dim,  if  the  surgeon's  accommodation  be  either 
piiyBioloaically  annihilated  or  artificially  paralyzed. 

With  Iiypermelropia  the  problem  is  much  simpler.  In  this  case  ibc 
emergent  rays  from  the  observed  eye  are  divergent,  and  do  not  come' 
to  a  focus  in  front  of  the  eye.  In  this  method,  the  observing  eye,  by 
bringing  its  accommodation  into  piny,  naturally  adapts  itself  for  such 
rays.  The  fundus  of  the  observed  eye,  therefore,  becomes  easier  to 
see  than  tliat  of  the  emmetropic  eye,  because  it  is  now  neceaamry  for 
the  surgeon  to  bring  hie  power  of  accommodation  into  play  to  make 
the  divergent  rays  which  pass  through  the  aperture  in  the  mirror  fall 
upon  his  emmetropic  fundus.  The  resultant  fundus-image,  however, 
although  both  clear  and  erect,  will,  upon  account  of  the  great  distance 
between  the  two  eywi  and  the  character  of  the  emergent  rays,  be 
extremely  limited  in  area. 

If  the  observed  eye  ia  myopic,  the  problem  is  wholly  different.  The 
emeraent  r»y«  from  the  otiaerved  eye  are  convergent,  and  form  an 
aeriiu  image.  The  rays  then,  crossing,  pass  through  the  aperture  of 
the  mirror  in  a  divergent  manner  into  the  observing  eye,  just  as  in  the 
hypermetropic  eye,  and  form  an  inverted  picture  of  the  observed  fundus 
upon  the  retina  of  the  ubgerving  eye  Upon  account  of  the  entrance 
of  thceo  divergent  rays  into  the  ob:4erving  eye,  the  aerial  fundus-image 
can  he  seen  correctly  only  by  the  exercise  of  sufficient  accommodative 
power  to  render  the  rays  cither  parallel  or  convergent:  this,  as  before 
shnwn.  being  the  natural  tendency,  the  fundus  of  such  observed  eyes, 
in  most  instances,  becomes  plainly  visible.  By  studying  the  passage  of 
the  lines  from  the  obscrvwl  eye  into  the  observing  eye,  the  student  will 
Bud  that  the  resultant  fundus-imagc  will  be  both  clear  and  inverted, 
and  that  the  extent  of  the  fundus  of  the  observed  eye  will  be  in  pro- 
portion to  the  nearness  of  the  two  eyes  and  the  degree  of  mvopia. 

JJy  reference  to  the  figure  illustrating  :he  concave  method  in  the 
hindus-rcflex  test,  it  can  be  easily  understood  that  if  the  mirror  is 
moved  laterally  in  any  direction  before  the  hypermetropic  eye,  the 
image  of  the  fundus  witl  move  with  the  motion  given  to  the  mirror, 
whereas  a  similar  movement  of  the  mirror  in  a  case  of  myopia,  will 
cause  the  now  inverted  image  of  the  fundus  to  move  in  an  opposite 
direction. 

It  will  be  well  at  this  point  to  cxplaiu  the  workings  of  a  few  of  the 
subjective  and  objective  optometric  methods  for  determining  the  error 
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of  refViction,  so  that  their  signiBcaiice  may  be  uTideratood  when  it  is 
^nheil  to  ailil  their  tctttimciny  to  the  results  thufl  far  obtuincd.  The 
simplest  fortns  known,  ivhioh  nre  pntcticallj  nothing  hut  adaptationn 
of  linglo  convex  leiiifes  mounted  on  graduatetL  scales,  are  olinically 
tuelen  for  tbo  careFal  determinution  of  refraction-error.  The  varied 
velalions  and  combinntions  of  ncttion  produced  by  convex  lenses  in 
«<onjuiiction  with  Blronger  conwive  ones,  first  nmilo  use  of  by  Von 
Gniefe,  and  ««  now  found  in  the  ordinary  opera-glass,  may  be  more 
udvantazeously  employed,  if  care  be  taken  to  avoid  accom  modal  ion- 
efforts  uariug  the  experiment.  Stnrr  has  contrived  a  must  ingenioiui 
optometer,  in  which  not  only  is  accomitiodation  excluded,  but  t)ie  retinal 
images  of  all  eyes  examined  bv  it  remain  uniform.  It  consists  of  a 
sixteendiopier  convex  spberical  lens,  situated  at  its  focal  length  in  a 
tube.  Beyond  this  in  the  tube,  there  is  a  muvatde  concave  spherical 
lens  of  the  same  titrengib.  The  amount  nf  movement  necBAetiry  to  bo 
given  to  the  concave  lens,  so  that  the  patient  may  .tee  clearly  ordinary 
te«t-type  placed  at  five  or  six  meters'  distance,  is  registered  in  half-diopter 
differences.  So,  too.  the  movement  and  interplay  of  two  convex  lenses 
may  be  used  to  greater  advantage ;  but  here  the  intra-ocular  muscles 
come  into  action,  rendertng  the  reiuilts  far  from  correcL 

Aa  already  explained,  when  a  compound  ray  of  light  proceeding 
from  a  single  point  of  illumination  falls  upon  the  retina,  there  should 
be  an  accurate  focus.  If  there  is  no  clistincl  focua,  a  more  or  less 
circular  area  of  diffused  light  is  the  result,  which  area,  known  as  a 
diffuttpn  area^  which  is  comjioised  of  nirehix  nf  diffiimion^  is  the  one 
perceived.  It  can  hence  be  i«een,  that  if  any  contrivance  can  be  made 
by  which  the  extent,  shape,  and  intensity  of  this  area  ran  be  studied, 
the  snrgeon  will  have  an  instmment  by  which  he  can  determine  the  kind 
and  degree  of  ametropia.  On  page  152,  it  i?  shown  that  the  so-called 
Scheiner's  experiment  eifecta  this  purpose.  Consequently.  If  an  adjuet- 
menf  can  be  added  to  the  apparatus  thus  employed,  by  which  the 
method  can  be  reduced  to  a  more  or  leas  mathematical  basis,  or  if  a 
Mries  of  formulie  can  ho  calculnted  to  be  used  with  the  simpler  forma 
of  mechanism,  HU!«wen!  can  enifily  be  obtained  an  to  the  kind  and  amount 
of  refraction-error,  tliiiin  rendering  the  plan  both  useful  ami  pmcticnhle, 

Spinning  as  .1  practic.il  in.ttrnment  in  the  hands  of  I'orterfielit,  the 
formi  of  instmmentation  underwent  many  modiiicationH  until  1870, 
when  ic  was  brought  to  its  present  form  by  the  device  of  Thomson, 
coDsiating  of  four  perforated  disks,  as  shown  in  Fig.  176. 

These  disks  are  in  rindity  four  Ofiaijue  ftercens,  so  made  that  each 
contains  a  certain  number  of  perfomtionn  of  one-half  millimeter  area  in 
diameter.  £ach  disk  i^  so  constructed  that  it  can  be  set  in  a  te«t-frau)e. 
If  the  patient,  placed  in  a  darkened  room,  look  through  these  openings 
at  a  single  source  of  illumination,  the  light  will  assume  certain  positions 
and  sizes,  move  in  definite  directions,  and  he  multiplied  in  exact  propor- 
tion to  the  refraction  of  the  eye.  Eatimating  the  distances  between  the 
lights,  and  calculating  the  angles  at  which  they  are  beat  neen,  the  deter- 
mination of  which  ifi  gn-atly  ai<leil  by  the  employment  of  a  movable  ruby 
glass  placed  in  one  of  the  screenm,  both  the  character  and  the  degree  of 
10  error  of  refraction  may  be  subjectively  obtained.   For  instance,  if  the 
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flnmc  be  seen  single,  emmRtrnpia  is  to  be  presumed.  If  two  |>i>inCA  of 
liglit  be  visible,  one  of  which  c-nii  be  luade  to  appear  red  by  sliOing  the 
ruby  glasa  into  poBitlon,  atnetropin  is  npparent — the  reliitive  amount  of 
crossing  or  non-crossing  of  tb<?  two  images  determining  whether  hyper- 
metropin  or  myopia  is  prosenL  and  the  widest  and  narrowest  angles  of 
separation  giving  the  amount  of  greatest  and  least  nmotropiii  in  the 
various  meridian;^.  By  subjecting  nuch  a  case  to  tbe  careful  e»tiuiatioo 
of  tlie  rcfrafiive  error  by  iiiearis  of  the  trial  lenses,  many  interesting 
and  valuable  data  can  be  added  to  the  former  results. 

VM.  in. 


IYrbra.ud  dUta.    (TBOMMW.) 


The  circles  of  difrii>fiion  found  in  ametropia  cnn  also  be  measured  by 
means  of  the  same  author's  so-named  "  umclromtler,"  in  which  two 
gas-jets,  about  five  miltimeters  each  In  diameter,  are  made  to  approach 
one  anotlier  at  :iiiy  angle  desire<i  upon  si  bar  which  has  been  graduated 
into  proportional  cliiferencus  of  inches,  centhnetera,  and  diopters.  By 
causing  the  patient  to  gaze  with  one  eye  «t  a  time  at  tlic  two  lights 
somewhat  separated,  the  presence  or  absence  of  ametropia  can  be 
instantly  determined,  according  as  the  two  jets  arc  or  are  not  identical 
in  sixe  and  clear-cut.  If  they  appear  an  large,  irregular  areas  of 
diffused  light,  ametropia  i^  present.  To  detiignale  the  variety,  let  the 
patient  either  exclude  or  color  oiir-half  of  the  circles  by  holding  a  card 
or  a  re"l  glass  vertically  before  the  eye.  If  the  corresponding  halves 
of  the  diffusion  cirele-s  are  hidden  or  reddpiie*i.  myopia  is  present;  if 
the  opposite  halves  are  so  lost  or  changed,  hypenuetropia  is  proved. 
Modificstion  of  these  three  rules  applied  in  various  ways,  will  soon 
make  manifest  not  only  the  amount  imd  variety,  but  also  the  angles  of 
greatest  and  least  disturbance.  By  study  of  tbe  optiail  effects  of  (he 
an^es  of  greatest  refraction  upon  cireular  areas  of  light,  ttie  meridians 
of  greatest  curvature  can  also  be  measured  by  an  appiiratus  devised  by 
Hotz — the  BO-termed  ^'antiffmoinefer ,"  wliich  consists  of  a  graduated 
blackened  disk  upon  which,  by  a  mechanical  contrivance,  n  four-milli- 
meter illuminate*!  opening  is  made  to  revolve  around  a  stationary  one 
of  the  same  size  until,  if  astigmatism  be  present,  the  longest  diameters 
of  the  two  lights  coincide  in  direction  when,  by  residing  the  index, 
the  position  of  the  greatest  refmction  meridian  can  be  determined. 
Culberttwn   also   has   contrived    an    ingenious    instrument   termed    a 
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"  pritopfometfT,' 
iu  the  centre  of  a 


Tt  ifl  composed  of  n  revolving  douljle  prism  placed 
large  graduated  ilisk,  through  which  the  patient  is 
made  to  gaze  at  a  large  white  area  situated  at  about  five  meters'  dis- 
tance. If  the  patient  bo  eunuetropic,  a  domblc  white  area  vrill  appear 
to  him,  which  wilt  rerauin  taiigentialt^  H[)|in]ximiLtod  ihroughouL  the 
entire  revolution  of  the  prism.  If  mvopia  he  present,  they  will  over- 
lap. If  there  be  h_v perm e try pia,  they  will  separate.  The  degree  gf 
separation  or  overlapping  iti  the  various  meridians,  give-s  the  amount 
and  the  angle  of  aj^tigmatiiim.  A  clip  is  pinced  just  in  front  of  the 
aigbt-bole,  m  that  the  ametropia  thus  subjectively  found,  can  be  deter- 
^mined  and  estimated. 

As  has  been  kuowu  since  Wollaeton's   time,  the  optical  con»tiuit»  are 
rodi  chat  when  a  Aolid  hi^iim  of  homogeneous  color  orHspmfir.  number 
of  undulation.*,  ok,  for  ini^tance,  red,  i.^  received  upon   the  retina  in  a 
definite  and  detenniiiate  way,  another  and  dissimilar  beam,  such  as 
blue,  will  be  received  in  a  totally  different  manner;  or,  which  prac- 
ticaUy  amounts  to  the  same  thing,  when  an  object  capable  of  producing 
■a  compound  eolor-stiumlufi  is  phiL-ed  heP)re  such  an  eye,  the  color  com- 
bination will  be  broken   tn  ti  way  that  inoy  be  token  advantage  of  in 
the  ready  detection  and  n>ugh  estiujatiou  of  refraction  errur,     Tliia,  as 
'has  been  repeatedly  explaineil,  is  dependent  npou  the  diffpreiiceft  in 
'Mfrangibility  of  the  two  colors.     Wlien  a  transparent  pri:*in  intercepts 
(a  beam  of  solar  light,  the  diJferetices  in  the  refi-active  power  of  the 
.»arioas  portions  of  the  prism  througli  whifli  iho  beam  passes,  cause  the 
Jalter  to  break  into  a  scries  lA'  graded  wave-leugths,  each  gradMtioti 
being  expressed  by  it-s  representative  flolnr:  in  other  words,  the  ordi- 
nary prismatic  colors  appear.     If  the  prism  did  not  thus  break  the 
compound  ray  into  a  eeries  of  oolorwl  ones:  if  the  degree  of  power  to 
Beparale  the  ray  into  ixa  different  parts  were  the  same  throughout  the 
prism,  the  beam  would  pass  through  it  practically  unchanged.     So  with 
the   lenses  and   the   various    adjustTDent.s   of  the  eye.      If  they   were 
perfect  in  construction  and  thoroughly  adaptive,  any  entering  bomo- 
^gcneous  ray  would  reach  the  retinal   plane  without  being  disturbed. 
and  there  would  be  no  so-tcrnicd  aberration.     Such  is  not  the  ca/k, 
however,  as  has  been  shown   in  the  chapter  on  the  physiology  of  the 
organ.     The  rule  is  tliat  there  are  discrepancies  in  greater  or  less 
degree.     The  eye  acts  prismatically  and  breaks  the  compound  rays, 
more  or  less,  into  its  elements— one  eye  being  adapted  for  one  series 
of  rays  to  fall  on  its  fovea  centralis,  and  another  eye  for  a  different 
BNies. 

If  now,  instead  of  the  delimte  beain  of  solar  light,  we  allow  the 
entrance  of  light-stimuhw  composed  of  a  gross  combination  of  two 
colors  of  great  difference  of  refrangibility,  for  instance,  blue  and  red. 
such  as  may  be  found  in  the  ordinary  cobalt  glass  of  the  shopsi  we  have 
a  simple  guide  for  the  ready  clinical  <lemonstration  of  the  kind  and  degree 
of  chromatic  aberration  resident  in  the  eye.  To  effect  this,  all  that  is 
nooesBary  is  to  surround  a  beam  of  artificial  light  with  an  opaque  chim- 
tDcy  in  which  there  is  a  smalt  round  opening  containing  a  rather  tliick 
rfneOB  of  cobalt  glass.  A  luminout^  area  is  thus  ohlatned  which  con- 
laiitt  a  compound  of  blue  and  red.    During  the  experiment,  the  patient 
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is  to  I*  (M-ateil  al)out  five  meters  from  ihe  color,  wiiicli  is  to  be  » 
arnttigeJ  tliat  it  t<ltall  hv  an  a  level  witli  the  eye  to  be  examined.  Bj 
reference  to  the  Arcompanying  colored  rliagram,  it  will  be  seeo  that  the 
compound  parallel  beam  of  llgbt,  a  c,  is  broken  into  its  two  compoDent 
colors  the  moment  it  reaches  the  ejre.  The  blue  rays,  which  arc  the 
finer  and  the  more  cuaily  brokent  are  refracted  first,  and  come  to  an 
earlier  focuB,  at  b,  than  the  more  grosB  and  lesK  refrangible  red  ones  at 
r.  If  the  appearance<t  of  the  difTuition  circles  in  the  planes  of  II  and  H 
be  studied,  it  will  be  seen  that  in  the  too  short,  or  liypennetropic  eye.  the 
blue  rays,  having  cume  more  neurly  to  a  focus  than  the  red  onefl.  give 
»  retinal  image  of  blue  surrounded  by  red.  whilst  in  the  too  long,  or 
myopic  organ,  the  blue  rays,  having  come  to  an  earlier  focus,  become 
more  widely  spread  upart  than  the  red  ones,  whicli  have  been  more 
tardy  in  their  cru»!ting,  thus  converting  the  image  into  one  which  has  the 
red  for  its  centre  and  the  hhie  for  its  peripheral  area.  In  the  emme- 
tropic plane,  the  two  areas  of  blue  and  red — the  one  being  too  early  in 
its  locus,  and  the  other  equjvalently  too  late — pnictically  exactly  coincide 
in  densit)-,  and  superimpose,  thus  giving  a  clear  circular  image  of  the 
cobalt.  Keusouing  from  wliat  has  been  ulieady  leaiued.  that  the  nrtinal 
image  ia  the  one  uiai  i>t  carried  inward  to  be  perceived,  thus  explaining 
that  the  difTorenccit  of  appearances  shown,  are  those  whiclt  the  patient 
will  awsert  to  be  present,  the  color-changes  may.  If  so  deaired,  be  asked 
for.  After  determining  the  character  and  probable  amount  of  the 
refraction-error,  they  may  be  carefully  estimated  and  corrected  by 
suitable  test-lenses.  By  the  aid  of  improvised  contrivances,  the  author 
has  found  this  method  of  optomctric  study,  as  welt  as  the  much  better 
equipped  previous  aubjective  metliods,  not  only  extremely  interesting 
for  scientinc  Rtudy,  but  also  very  u.<ieful  in  a  number  of  cases  where  he 
wished  modifications  of  other  foims  of  testing,  especially  among  patients 
who,  although  illiterate,  were  quite  intelligent. 

If  cure  be  taken  to  effect  lateral  Hdjuatment,  binocular  optometry  may- 
be practised.  Unfortunately,  however,  no  do6nite  idea  can  be  thus 
obtained  ant  to  which  should  be  mode  the  working  eye,  and  which  ihe 
helping  eye. 

Of  the  more  common  objective  methoils,  the  most  prominent  is 
Placido's  kfratasc'ipif  for  the  recognition  of  corneal  astigmatism.  As 
shown  in  I'ig.  177,  it  consists  of  a  round  disk,  twenty-three  centimeters 
in  diameter,  containing  a  series  of  alternate  white  and  black  concentric 
bands,  and  having  a  central  perforation  one  centimeter  in  width  con- 
necting with  a  tube  three  crntimeter«  in  length ;  the  whole  arrangement 
being  held  by  a  Abort  handle. 

PUoing  die  patient,  the  light,  and  the  face  of  the  instrument  in  the 
oarae  relative  positions  used  during  the  employment  of  the  opbchalmo- 
soopic  mirror,  the  patient  is  to  be  made  to  look  direcOy  into  the  aperture 
of  the  contrivance.  On  looking  through  the  sight-hole,  the  student  will 
tkai^  as  a  rule,  notice  a  series  of  regular  or  irregnhtrly  distorted 
nflexea  of  the  concentric  black  and  white  circles  on  the  cornea  ;  each 
being  erraphirally  illustrative  nf  a  definite  variety  of  corneal  asugma- 
tism.  To  obtain  a  slightly  enlarged  image  and  a  more  dearly  cut  view 
of  the  reflection  of  the  circles,  the  author  has  found  it  most  convenient 
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to  make  as«  of  a  small  convex  spherical  lens,  of  about  6.50  1).  strength, 

^Btened  against  the  3igh^hole  of  the  instrument. 
If  more  accurate  objective  atudjr  as  to  the  angle  and  the  degree  of 

sz-ned  aetigmntisin  be  desired,  eapedallj  iu  u  central  tirea  (about  five 
millhnetors  in  diameter)  of  the  mcmbi-ane,  the  «i>-called  •tphthalmometer 
— xnore  correctly  keratometer — should  be  brought  into  use.  Definite 
in      its  results  when  succegsfully  applied,  precise  in  its  answers  when 

tta.vn. 


Plwidu'i  disk,  iir  hi-raioL-ope:. 

skilfolly  ai^usted,  and  easv  of  eomprehension  in  ita  workings  by  any 
intelligent  jierson,  it  is  &  most  useful  appliance  not  only  for  quick  clin- 
ical work,  but  for  scientific  study.  Unfortunately,  however,  its  gre-»t  cost, 
the  difficulty  of  accunite  ivdjustincnt  to  moet  students,  and  the  discrep- 
ancy in  it«  anewcra  when  incorrectly  used,  eeeui  to  hinder  it  in  some 
■  degree,  tn  its  present  fnna,  from  being  more  generally  eiuployed  in  ordi- 
nary clinical  work.  That  it  iBoneof  the  cvcry-day  working  niatnimtnta 
of  the  future  as  well  iis  of  the  pre^^ent  there  can  be  no  doubt,  as  the  a|j> 
j)anit»--f,  although  twpable  of  great  improvement,  lima  permitting  further 
surety  of  action  by  greater  simplicity  in  mechaniera,  must  become  more 
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general,  thus  rendering  the  technique  easier  and  more  comprehensible 
througli  llic  increaseij  daily  routine  uf  employment. 

As  liere  explained,  and  us  aliown  in  Fig.  178,'  the  mwlel  of  Java! 
and  SchiutK  consists  pnicticaliy  of  two  adjustable  reflecting  surfaces. 
wliich  can  be  fio  ganged  that  their  corneal  images  may  be  accnratoly 
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measured  bv  a  focussing  ujF>paratus  placed  between  the  patient's  eye  and 
tlie  eye  of  the  observer  1  his  HppanUujt,  which  in  reality  in  a  contrivance 
iniencle<1  for  the  measurementof  catoptric  images,  therefore,  becomes  in 
(act  an  Instrument  by  which  vuriations  in  sizes  of  objects  placed  at 
finite  points  can  be  made  so  as  to  reflect  images  of  certain  e(|uivHletit 
areas  from  the  anterior  convex  surface  of  the  cornea.     This  obtained, 

>  TIM  p«rUouUr  liuLninieni  elMH-n  In  ttie  lllDftnUbn  U  aac  id  tb«  isn  nodel.  vnnged  fiw 
'Itetal  Itliiml nation  frma  Iwo  Wchbaith  ga^burocn.  On*  of  iho  iwwaM  «nd  bM  nmtM* 
eleoirieuiriit  atEni'ikmcnu,  ihiia  veuliic  better  tad  nore  «T(dil]r  dlAHbuud  utlSdftl 
QwdIbUIod  wllh  liui  liiUo  or  na  bML 
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the  mMsnrements  of  tlie  siaw  of  the  teat-objects  recessnry  to  accom- 
plish this,  fiirniBh  calculation  by  which  the  radius  of  corneal  currature 
CM  be  readily  obtained;  the  rule  beinj^.  that  every  definite  incrcaae  of 
die  ID  th«  corneal  images  of  the  to^^t-ubjects  on  the  tiirgets,  corresponds 
indireeC  ratio  with  the  amount  nf  uKiigiuutiKin. 

Ai  can  be  seen  in   Fig.  ITS,  the  contrivance  ix    arranged  like  a 
penneler.     Upon  the  peri  meter- bar,  tliere  are  two  black  rectangular 
plitc6:    one,    which  is  lixed,    contains  a  similarly  shaped  white  lest< 
object,  known  as  a  target,  and  the  other,  which  is  movable,  two  white 
%un«  bounded  by  throe  sides  pliiccd  at  right  an;;lcs  to  one  another; 
cfie  upper  side  of  the  figure  being  Bhortcned  and  connected  with  the  far 
wtreniity  of  ita  lower  side,  by  a  eeries  of  »tep«.     These  targets  are  so 
■rrangetf  that  ihey  may  bu  readily  illuminated  by  difl'iisc  diiylight,  pref- 
ertbly  that  from  the  north,  or  by  two  or  four  artificial  lights  from  oil, 
gts,  or  better,  electricity,  that  can  be  placed  in  front  of  refiectors  which 
an  situated  on  each  side  of  the  patient's  head.      In  a  position  corrc- 
Bponding  with  the  extreuuly  of  the  riulius  of  curvature  of  the  bar,  there 
is  I  perfbrateil  movnbIe  upright  suigc,  so  oonfttruclcd  thai  either  eye  of 
tbe  patient  can  be  placed  exactly  at  the  centre  of  rotation  of  the  bar. 
it  the  centre  of  the  perimeter-bar  there  is  a  tele!M:opic  armngement, 
practically  composed  of  two  prisms  of  Iceland  spar,  so  arranged  that 
thoold  the  observer  gaze  through  the  far  end  of  the  telescope,  the  cor- 
neal images  of  the  targets  will  appear  doubled,  greatly  magnified,  and 
displaced  in  the  meridian  of  the  bar.     Peripherally  situated  around  the 
telescope,  just  a-t  the  point  where  the  periiueter-bar  touches  it,  there  is, 
as  can  be  seen  in  the  figure,  a  large  disk-like  area,  which  contains  a 
graduatcl  series  of  radiating  lines  and  concentric  circles. 

Ity  carefully  adjusting  the  eye-pieoc  of  thu  instrument  so  that  a  pair 
of  cross-wires  or  spider-webs  in  the  telescopic  arrangement  arc  plainly 
visible  to  the  student's  own  corrected  eye,  and  placing  the  putienE 
before  the  chin  and  hend  rcAts  (by  sighting  through  the  tmnsvcrso  slit 
:in  the  disk  immediately  over  the  tube)  so  that  his  eyes  are  exactly  bori- 
xontal,  he  covers  one  of  the  patient's  eyes  with  the  little  met^dlic  shade, 
a&d  sights  the  centre  of  the  exposed  cornea  of  t-he  other  eye  through 
the  notch  on  the  upper  side  of  the  tube.  He  then  directs  the  patient  to 
gaze  into  the  far  end  of  the  telescope,  situated  in  front  of  the  patient's 
eye.  He  then  moves  the  disk-like  portion  of  the  instrument  backward 
and  forward,  and  upward  and  downward,  until  the  central  images  of 
the  two  test-objecW.  which  have  bwn  illuininatcd,  arc  sharply  defined  on 
the  spider-webs.  He  then  moves  the  ta.rget  along  the  bar  until  the  aSJrial 
image  of  the  corneal  reflexes  formed  in  the  tube  by  the  ohjeetive  lens 
exactly  coincides.  This  having  been  done,  he  notes  i\\e  position  of  actual 
BC{Mmition  of  the  "  miros  "  on  the  bar.  By  now  turning  the  bar  at  right 
angles,  the  amount  and  exact  angle  of  consequent  overlapping  or  sepa- 
ration, if  there  be  aatigmatism,  is  to  be  noted  ;  the  difference  between 
thi?  and  the  other  fintling,  giving  the  relative  nmountH  of  uAligmatism  in 
the  two  meridians.  If  the  sitnatitm  f>f  the  image  in  the  second  ponition 
at>dumes  any  obliquity  as  compared  with  that  found  in  the  original  right- 
angled  position,  it  is  presumable  that  the  two  principal  meridians  of  the 
cornea  have  not  been  used. 

17 


For  verification  of  the  cDrrectness  of  the  difference  helween  the  first  uni 
second  positions,  a  good  plan  is  to  move  the  target  in  the  second  position 
nntil  the  images  of  the  two  targets  again  coinciae,  and  note  whetiier  the 
targets  ag»in  fall  to  their  original  situations  as  found  in  the  first  posi- 
tion :  eacli  Ktrp  of  deviation  in  the  teAt-object  reprc-^^enting  one  diopu-r 
of  differrnre.  If  the  romeal  imajres  retnain  in  the  ftamr  rrlafive  posi- 
tions when  the  bar  is  rotated,  all  t3ie  corneal  meridians  are  alike.  If 
the  aerial  imnee?  in  the  tube  separate  in  the  vertical  meridian,  this 
meridian  hoA  the  .shorter  radius,  whilst,  if  thcj  overlap  in  this  meridian, 
it  has  the  longer  rudius.' 

Davis  siiya  thai  the  so-called  "primary  position,"  or  position  which 
repreifent^t  thai  point  at  which  the  tramvente  lines  of  the  reflectors  be- 
come continuniis,  in  tlie  first  to  establish.  To  get  this  position  pnmerly 
and  systematically,  he  places  the  long  white  pointer  horiitontally.  If  tlie 
lines  are  coincident,  the  primary  position  has  been  obtnined.  If  not, 
the  tube  is  to  be  re\'olved  from  right  to  left  for  about  forty-five  degreea 
and  the  tume  distance  frotu  left  to  right,  thus  causing  the  pointer  to 
travel  uhniit  fnrty-fivR  or  the  rci|uisiLe  number  of  degrcoa  above  and 
below  chi>  horJEonal  meridian.  Having  obtained  this  axis,  the  l««t- 
objects  are  to  be  appraximnted,  tluis  giving  the  axis  and  degree  of 
ametropia  at  one  meridian.  Turning  the  long  pointer  ninety  agrees 
to  the  left,  which  will  give  the  secondary  position,  there  wilt  be  astig* 
mutism  against  the  rule,  if  the  untouched  tost-objccts  separate,  and 
astigmatism  witli  the  rule,  \i  they  overlap :  the  number  of  steps  of 
separation  or  overlapping,  as  compared  with  that  of  the  primary  poeii- 
lion,  representing  the  amount  of  difference  of  refraction  in  the  two 
meridians.  To  prove  this,  a  good  plan  is  to  correct  the  amount  of  dw- 
plooement  in  the  seoondary  position,  and  after  turning  the  pointer  back 
to  the  primary  position,  to  notice  the  new  amount  of  displacement;  this 
new  reading  again  giving  the  difference  of  ametropia  between  the  two 
meridians.  The  first,  supposing  that  there  be  an  overlapping  of  twostepa, 
can,  a«  Davis  says,  be  written,  "  Astigmiitisui  with  the  nde,  2.  D.  90®+ 
orl80'*;8nil  the  second, ''AsiigmaiJuuingiiinftt  the  rule,  2.  D.  ISC'*-)-  or 
90";  the  long  pointer  in  every  irifiliinet^  showing  the  &\is  of  the  convex 
leus  that  is  necessary  to  be  worn,  and  the  abort  right-angled  pointer, 
the  axis  of  the  concave  lens  that  should  he  worn. 

The  ln>itruTnenl,  as  now  made,  being  gauged  for  the  ortlinarv  human 
oonienl  radius  of  7.8  to  8  mm.,  the  dioptric  indices  given  by  the  little 
steps  on  the  test-objects  are  about  n  quarter  too  Urge,  thus  necemitating 
the  addition  or  -tubtraction  of  a  definite  fractionnl  error "  (0  50  D.)  to  the 
opbthalmometric  reading:  the  rule  being,  us  laid  down  by  Javal.  to  add 
one-half  a  diopter  to  the  finding,  or  to  give  the  full  correction  when  the 
findings  arc  against  the  rule,  and  to  subtract  one-half  a  diopter  when  the 
results  are  with  the  rule.  The  instrument  thus  becomes  one  of  the  most 
accurate  of  objective  contrivances  for  all  practical  purposes  in  the  deter- 
mination of  the  presence  of  ordinary  comoa)  astigmaiiftui,  the  exact  posi- 
tions of  the  angles  of  greatest  and  least  curvatures,  and  the  almost  certain 
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wimation  of  tlic  amount  of  the  error.  £»pectally  is  tliis  true,  not  only  in 
miT-(bj  cxarainmioDs  of  aatiginaiism,  but  in  uphakia  {markedly  after 
attract  extractiiiii),  und  tven  in  irregular  aatiginutiain  and  aiuMvupia. 
Kortber,  by  the  prw;e8s  nf  excluninn  in  the  after- correction  liy  ilie  trial 
lenses,  we  are  allowed  to  state  most  dofinitrly  tlie  presence  of  lenticular 
ailigmatisoi ,  its  angle,  and  its  proportionate  amount.  TLe  greatest 
Rifntita^cs  of  the  method  in  the  delerminatioii  of  corneal  asttgmatista 
[l^ich,  a$  we  know,  often  constitutes  the  major  portion  of  disturbing 
UDctTopia),  are  it«  rapidity,  and  the  fact  that  pupillary  dilatation  (eUiary 
ptnlyiis)  U  never  noetlod.  Moreover,  it  estimates  the  astiginatiBtn 
Widfr  the  same  circumstanees  aw  those  in  nhiuli  tlie  organ  is  employed 
Jirring  its  ordinary  work,  thus  giving  a  most  excellent  measure  of  the 
ciisKDl  corneal  astigmatism  at  tlie  time.  The  student  however,  nIiouIcI 
iiiakc  it  s  rule  to  repeat  his  findings  eufficicntly  often  (just  as  was  shown 
«iih  test-lena  selecting  with  a  mydriatic)  to  guarantee  some  definite 
•nswer,  thus  insuring  greater  certainty  of  after-result*  by  test-lena 
(Masareraent. 

In  all  the  work,  both  subjective  and  objective,  nothing  should  b« 
neglected  by  the  student  that  may  seem  to  be  of  collateral  value.  Every 
detail  should  be  studied.  Nothing  should  beallowed  to  escape  because  it 
Mems  to  be  trivial  and  useless.  The  error  of  "jumping  at  a  diagnosis  " 
from  observalion  of  a  few  salient  [>oints,  is  to  be  avoided,  and.  us  the 
student's  eye  becomes  better  trained,  lie  will  find  that  what  at  first  was  ■ 
irkwiue  will  at  last  give  answers  ahnost  by  intuititui ;  the  picture  will 
appear,  as  it  were,  in  a  single  grouping;  and  change.^  in  the  finer 
details,  which  otherwise  might  have  been  unnoticed,  will  now  be  readily 
wKcoguized,  and  their  siguiBcance  almost  unconsciously  taken  into 
Hu^coiiut. 

H    Having  determined  the  character  of  the  error  and  made  a  rough  esti- 
Vnaie  of  m  degree,  it  becomefi  necessary  to  af<certain    to  the  utmoAt 
nicety  the  degree  of  ametropia,  and  to  correct  it  by  appropriate  lenses. 
^This  brings  us  to  the  metliods  of  estimating  errors  of  refraction  and 
)mmodation. 


CHAPTER   X. 

THE  CORRECTION  OF  ERRORS  OF  REFRACTION  ANO 
ACCOMMODATION. 


H  A  VIIVG  satis&ctorily  determined  the  character  oT  the  rerractire 
it  becomes  necessary  to  ascertain  whether  it  t9  po^^ible  to  correct 
defect  b;  the  aid  of  suitable  ]t>]isps.    In  many  instances,  this  can  bcdoot 
by  but  one  method — absolute  annihilation  of  the  power  of  accottmodi- 
tioD.     Iti  many  cuses,  especially  umong  the  young,  no  correctinjZ  tens 
can  bft  conficicntiously  ordered  until  it  i*  certain  timt  every  particle  lI 
the  refractive  error  lia^  been  made  mauifest.     Search  must  be  maJe  f.t 
the  minute  yet  freiiucnlly  disturbintr  remnanls  of  unsuspected  aslig- 
niatism.     Care  must  be  tiiken  to  exclude  every  iota  of  ametropia.    By 
80  doiuj^,  the  case  is.  as  it  were,  within  the  grasp ;  the  total  amount  ol 
error  is  made  coj^niznble.  and  the  condition  can  be  more  knowinjriy 
coped  with ;  the  error  \ia/s  been  probed  to  its  very  foundation,  sud 
knowledge  of  it  liaa  been  obtained  in  'n»  entirety.     ^tiHfaction  with 
imperfect  computation  by  hap-hazarrl  selection  from  a  test  ease,  under 
the  pretext  thiit  '*  this  will  do  for  the  time  being,"  or  that  "  this  seems 
good  enough  for  the  present,"  sliould  not  be  sufficient.     Every  case 
riiould  be  treated  with  the  utmost  conscientiousness.     Makeshifts  are  to 
be  avoided.     If  certainty  is  felt  that  ciliary  paralysis  is  necessary  before 
proper  lenseit  can  be  chosen,  the  surgeon  had  better  bo  prepared  to  low 
the  pnlient  than  to  give  him  imperff^;!  work.     If  caaeadoarise  where  it 
is  advisable  to  avoid  the  use  of  the  ilrug,  the  patient  should  be  told  *>, 
and  if  glasses  are  chosen  under  such  circumstances,  he  should  be  made 
to  clearly  understand  that  the  results   obtuinetl   may  be  oncertoin. 
Although  these  plans  may  often  result  in  patients  seekiug  advice  from 
others  who.  may  rcHt   content  with  an  imperfect  correction  of  some 
manifest  error,  yet  in  all  such  instances  it  i.i  a  far  more  than  er^uivalent 
recompense  to  know  tbat  the  steady,  c|uiet  reputation  of  many  yeftrs  of 
but  little  error  in  refract  ion- work,  is  iiilinitely  better  than  the  flash-like 
brilUanc^  of  the  moment  in  quickly  giving  corrections  that  may  or  may 
not  be  right.     A  few  courteous  refusals  to  compromise  one's  name  wita 
t|uestionab]e  work  will   be  more  advantageous  than  the  acceptance  of 
results  tliut  one  feelt>  may  ultimately  provL'  false  and  even  dirtriraenta). 

To  formulate  h  rule  tor  the  use  of  a  mydriatic  is  alnnwt  imposisible. 
Idiosyncnisy  often  detet*mine<(  its  employment.  Women  nursing,  sus- 
ceptibility to  the  constitutional  effects  of  the  drug,  age,  contm-indieating 
local  disorders,  such  as  glaucoma,  etc.,  all  play  important  parts  in  the 
queatiiin.  Some  few  cases  seem  not  lo  need  it  at  all  for  the  correct 
estimation  of  their  atnetmpiu.  Kspccially  has  the  author  found  this  so 
among  the  higher-class  neuraallieiiics  who  daily  employ  their  eyes  In 
the  recognition  of  minute  dilTerences  between  distant  lines,  points,  and 
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angles — such  as  teachers  and  workers  in  draughting,  geometry,  astron- 
omy, etc.  In  these  rare  instances,  the  eje  oflen  has  readily  got  its 
proper  angle  and  amount  of  astigmatism  with  the  correct  kind  and 
grade  of  refraction-error,  aa  has  been  proved  by  the  after-use  of  the 
drug,  without  the  aid  of  a  mydriatic.  In  a  number  of  these  cases,  as 
the  patients  recovered  their  full  strength,  the  accommodative  tone  be- 
came stronger,  and  less  convex  spherical  strengths  were  required. 

The  best  rule  is,  to  employ  it  in  every  case  where  individual  judg- 
ment dictates  that  it  is  necessary,  remembering,  especially  in  young  cases, 
that  its  non-use  is  seldom  exceptional,  and  this  for  idiocratic  reasons  that 
must  be  determined  at  the  time.     Of  course,  it  is  unnecessary  in  aphakia. 

Having,  then,  assumed  that  a  mydriatic  is  to  be  employed,  the  next 
point  is*  what  one  shall  be  used.  As  has  been  explained  in  the  clinical 
division,  atropine  is  the  best,  the  cheapest,  and  the  most  certain.  The 
strength  generally  used  is  one  grain  of  the  sulphate  to  two  fluidrachms 
of  distilled  water.  Either  three  drops  are  to  be  instilled  into  the  lower 
conjunctival  cul-de-sac  of  each  $ye  at  about  half-minute  intervals,  the 
evening  before,  at  the  time  of  retiring,  and  on  the  morning  of  the 
patient  s  visit,  or,  what  is  better,  the  surgeon  should  use  the  drug  in  the 
eyes  himself,  instilling  the  solution  in  such  a  manner  that  it  may  pri- 
marily come  in  contact  with  the  superior  limbus  of  the  cornea,  and  then 
be  allowed  to  flow  gently  over  its  surface ;  as  much  care  as  possible 
being  taken  to  keep  the  lids  separated.  In  order  better  to  graduate  the 
exact  amount  to  be  used,  the  point  of  the  dropping-tube  should  be  made 
extremely  fine.  Preferably,  the  instrument  should  be  made  with  the 
point  bent,  so  that  the  drops  may  be  delivered  directly  downward.  If 
absolute  accuracy  be  desired,  the  pipette  may  be  graduated.  Definite 
percentages  in  oil,  soluble  disks,  tabloids,  and  tablets  containing  graded 
quantities  of  the  drug  are,  on  account  of  the  alow,  steady  absorption 
of  the  contained  material,  preferred  by  many  ophthalmic  surgeons. 
Often  the  ciliary  border  of  the  inner  portion  of  the  lower  lid  may  be 
everted  by  the  hand  or  temporarily  closed  by  some  appropriate  contri- 
vance with  advantage,  in  order  to  prevent  any  of  the  material  from 
passing  into  the  lacrymal  passages. 

On  account  of  the  mydriatic  eflect  of  the  drug,  plain  protective 
glasses  of  a  medium  grade,  of  "  London  smoke  tint,"  preferably  the 
large  flat  variety  free  from  any  blemish,  or  the  coquille- shaped  pattern, 
are  to  be  worn  during  its  employment.  Care  should  be  taken  to  state 
the  poisonous  character  of  the  drops  and  to  warn  the  patient  against 
leaving  them  in  insecure  places.  To  guard  against  any  future  danger, 
instructions  are  to  be  given  to  throw  the  drops  away  and  to  destroy  the 
bottle  and  dropper  as  soon  as  their  use  is  discontinued.  In  cases 
where  we  do  not  find  any  disturbance  of  the  chorioid  and  retina,  we 
may  employ  frequently  repeated  instillations  of  varying  percentages  of 
hydrobromate  of  homatropine  to  advantage.  In  such  instances,  the 
best  plan  is  to  use  four  to  six  instillations  of  two  to  three  drops  of  a  four 
per  cent,  solution  at  intervals  of  from  ten  to  fifteen  minutes  before  each 
examination,  taking  care  not  to  postpone  the  measurement  for  lenses 
longer  than  tiiirty  minutes  after  the  last  instillation  has  been  used  ^ 
ally,  the  author  having  long  believed  that  atropine,  daturine, ' 
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Bmia  hare  an  fictual  therapeutic  pflrc(^t  upon  the  condition  of  the 
rall^  tlistur1>cd  churioid  :in<.l  retina,  inilependcnt  of  the  intcn<Icil  ctHaiy' 
paralysis,  and  that  horaiitropine — oven  though  neutral  in  reaction — 
seems  to  exert  some  visible  disturhing  influence  upon  the  cborioid  and 
retina,  has  always  given  the  firsi  three  of  thiiae  drug«,  in  their  order  of 
naming,  tlic  preference  in  all  cases.  Tn  know  when  ciliary  paralysis  ha« 
hem  reached,  the  author  often  miikes  use  of  a  minute  test-word,  which 
under  Huch  circurti .'Stances  should  be  seen  at  some  one  fixed  point  when  3 
strong  convex-spherical  ]en9(-fS.  4,  D.)  is  used;  Uiis  ]>oint,  a«  ha« 
been  expliiineil,  giving  the  kind  and  degree  of  utnelropia.  ShoaM 
the  most  4lecided  paralyzant  cfTect  he  dcsirp*l  with  a  ready  return  of 
ciliaiT  action,  solid  mixturi^H  of  homu-lropine  imd  cocaine,  as  proposed 
by  Wood,  are  probably  aninng  iJie  mnst  reliable  of  those  forma  for 
euiployuiunt.  Should  the  student  ilesire  to  use  duboisia  or  hyoscyamin, 
he  cannot  be  too  careful  to  avoid  any  systemic  ofTocts,  as  both  of  thew 
drugs  are  .10  powoi-ful  in  action,  that,  if  not  iwed  with  di.icretion,  un- 
pleasant cuDstitutiunul  tiyuiptonis  may  appear.  They  should  always  be 
use*!  by  the  surgeon  liimnelf,  inid  in  ijnantitiesju^t  nnfficient  to  produce 
the  necessary  paralysis  of  the  ciliary  muscle- 

The  patient  is  now  ready.  The  student  is  now  about  to  commence 
the  estimation  of  the  error.'  The  first  subjective  procedure  in  that  with 
the  leetdeuses.  Thtwe  are  so  made  aa  to  be  oouvenientlv  employe*!  in 
a  tc8t-frame  which  contains  a  semicircular  rim  on  each  of  ita  lower 
halves  which  is  gradaate<l  into  five-degree  differences  that  run  from 
tiie  8urj;eon's  left  to  his  right.  This  plan  of  numbering  the  de- 
ffrcc-marks  on  the  test-frame  is  most  common  in  the  United  Stales. 
Thtti  is  probably  due  to  tlio  fact  that  the  onlinary  trial-frames  com- 
monly sold  in  tlio  shops  are  so  constrncted.  The  validity  of  the 
method,  bnth  as  to  symmetry  ami  unity,  i»  queationed  by  many  sur- 
geons. Some,  iiol;ibIy  Kiiap[>,  coiiHider  the  vertical  meridian  as  Bero 
(or  vertical),  and  carry  the  degree-marks  op  to  ninety  (or  horixonlal), 
both  towai'd  the  temple  and  the  nose.  Harlan  starts  at  zero  from  the 
temporu!  aides  for  both  the  right  and  the  left  eyes.' 

The  case,  for  instance,  having  been  diagnosed  as  one  of  compound 
hypermetropic  astigmatism  (H  -j-  Ah)  of  a  certain  probable  amount,  a 
convex-splicrical  lens  which  reprenint..*;  about  two  tliird.1  of  the  supposed 
entire  amount  of  ametropia,  should  be  placed  in  tlie  test-frame  t>cforo  one 
eye — preferably  the  worst  eye  Brut — the  other  being  covered  or  ctcluded 
from  vision  by  an  opaque  disk  set  in  the  test-frame.  We  will  8upp<jse 
thai  thifl  increases  vision  to  about  three-fourths  of  noimal.  and  that  the 
patient  mistakes  letters  on  the  sninllcst  Hues  of  type  that  he  sees.  A 
weak  convex  cylinder  of,  »ay.  about  oue-hulf  diopter,  with  it£  axis  at 
ninety  degrees,  should  next  Iw  droppcl  into  the  frame  in  front  of  the 
spherical  lens,  t'pon  account  of  its  convenience,  equal  efficiency,  readi- 
ness, and  cose,  the  author  much  prefers  this  plan  to  the  use  of  the  alono- 
pteic  slit.     This  probably  will  cause  vision  to  rise  to  almost  normal,  the 

^  If  We  ttndwt  d«ilm,  hg  can  now  n>-Mii(l]r  tlie  fundu»-i«Qeieii  under  Uiv  luort  Avanblft 
dmtnutanoci  I'M*  wlU  nuke  him  mtiob  more  bnilUftt  with  UmmctWl,  kuiislnblm  iwiilla 
wblcl)  QUI  to  vHhor  o»iinjTurtt-d  ur  iirvved  br  ibe  iMt-lint  wlMUoa. 

'  lit  all  IhivemuiliuUor  luiiathia.  UicHir|«un  to>u)>iiawd  lo  boiwdlag  tbc  dnfiw-markti on 
Ibcntunvt. 
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(liiient  tnerolv  making  errors  in  tlie  tine  of  tyi>e  iiiLemleil  for  the  (li»- 
tatiRe  iLV-iL     The  nxis  of  the  cylinder  being  Hlowly  nhiftecl  to  each  <)i<le 


ofUie: 


sked  to  state  if 


■degree  uotcii  in  the  fr&me,  the  patient 
lAe  letter  in  which  it  in  found  that  he  is  at  fault,  appears  to  change  its 
litMpe,  and  to  tell  the  nnme  of  the  letter  it  now  seems  moDt  like.     If  he 
tamts  it  properly,  when,  for  inetanec.  the  ftxie  of  tlie  gkaa  is  turned  to 
'be  nincty-five-defrroc  notch,  we  may  feel  fiiirly  uaaured  that  wc  have 
foutid  the  meridians  of  greatest  and  WasI,  refracti'jn.      To  be  wb^olately 
>iir«af  thift.  however,  the  cylinder  axis  is  to  he  wheeleti  ttevtral  times  to 
'•cfc  side  of  the  point  chosen,  and  note  made  whether  it  comes  at  last 
^     the  flame  position.     If  a  new  point   be  chosen,  the  procedure  is  to 
**  Tepcated,  until  it  is  certain  that  the  proper  place  has  been  reached. 
^^io  baviue  him  read  tlie  smallest  line  upun  the  card  in  ordinary  use. 
"^  upon  anouier  utrange  one,  his  attention  is  to  be  confined  to  any  niis- 
°%lled  letters  upon  the  line.     Both  spherical  and  cylindrical  lenses  are 
now  to  be    added  to   and  subtracted  from  the  correction,  until   all 
^<i€  lettera  on  the  line  are  made  clear  and  sharp.     After  this  ha.i  been 
"ione,  a  -f-  S-  4.  D.  is  to  be  dropped  into  the  test-frame  in  front  of  the 
c)tOKU  correction,  and   the  patient  directed  to  tell  where  either  the 
noalleut  reading  type  upon  the  accommodation    test-card  or  one  of 
Burchanlt's  iiacst  tesC-dot  series,  appears  the  plaiuest,  and  at  what  point 
ite  can  either  read  or  count  the  tesc-objectti.    If  this  be  ut  nhoiu  twenty- 
fire  centimeters,  it  in  aluiorit  certain  that  tiie  pre-exintent  ametropia  has 
^D  properly  eliminated.     If  the  reading  type  be  plainest  inside  of 
Hrenty-five  centimeters,  the  error  has  probably  been  over-corrected,  and 
if  it  be  read  beyond  the  iwenty-five  centimeters  the  correction  is  appa- 
^^rently  insufficient.    Verification  by  the  direct  method  of  ophthalmoscopic 
^■examination  is  next  to  be  tried.     If  the  case  be  properly  corrected,  the 
^■details  of  the  fundus — cspeciallv  in  tlie  nmcntar  region — will  be  seen 
^Pdearly  and  tiharply  through   tfie  rnrrection.     This  procedure  nhnuld 
always  be  followetl  by  further  confirmatory  evidence  as  given  by  the 
plain  methoii  of  the  fundus-relle-t  test.     The  rules  given  in  the  chapter 
on  this  test  are  to  be  employed,  and  if  apparent  emmetropia  has  been 
obtaineil,  the  opposite  eye  is  to  be  studied.     Here  the  work  is  to  be 
repeated  in  precisely  the  same  manner,  and  rcconl  of  all  the  results 
accurately  made. 

In  erery  eaae,  the  daily  use  of  the  drug  sliould  be  continued  until  two 
MB  of  answers  are  made  to  agree. 

The  same  care  that  has  been  taken  to  estimate  the  error  of  refraction 
whiUt  the  eye  has  been  under  the  full  i  nflucnce  of  the  mydriatic,  sliould 
be  exercised  in  seeing  that  the  nfler-work  is  sufficiently  postponed  until 
every  vestige  of  the  drug  hiLs  disappeared  ;  this  being  done  so  as  to 
appreciate  more  thoroughly  the  new  relationship  which  has  been  estab- 
lished between  the  rt-fraction-errur  of  a  rested  and  leas  irritable  eye, 
and  tlie  renewed,  thnugh  now  cninparativply  1  tetter- toned,  intra-ocular 
and  extra-ocular  muKcle-actions.  In  ordinary  routine,  if  atropine, 
daturine,  or  hyoscyamine  be  employed,  it  is  best  to  wait  two  weeks 
l)cfore  ordering  the  correcting  lense-s.  The  loss  of  two  or  three  days 
beyond  the  usually  expected  times  of  the  diMipation  of  their  actions,  is 
more  than  corapcnaniod  for  by  the  ussuranco  that  there  is  no  remnant 
,  of  the  ciiccts  of  these  drugs  left.  If  homatropinc  should  have  been  used. 
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the  correcting  Ifnses  trmy  be  safply  drnscn  uiid  ordered  ia  Beventv-two 
hours  afior  the  lost  iostillatioD  of  the  drug. 

Bhuuld  the  case  have  hecti  one  of  compound  HHtigmatinni  (M  +  Atn), 
the  MQio  routine  should  he<  pursued,  the  only  difference  here  being  thftt, 
an  a  rule,  the  spherical  lenses  do  not  shon*  such  increase  of  vision  w 
<>jirly  in  th«ir  iielection.  and  that  the  osiifirmatic  lens  chosen  ia  usunllv 
very  Qiiieh  ^truiiger,  and  i\a  axis  in  generally  situated  at  some  peculinr 
meridian. 

Simple  hypermetropia  quickly  ignores  the  weakest  cylinder,  and 
eimple  myopia — which  ia  very  rare— does  the  same  thing. 

Simple  hypermetropic  astigmatism,  as  a  rule,  denies  the  spherical  lens 
the  uiouieut  it  is  dropped  into  the  frame,  whilst  the  patient  exprmte') 

freat  satisfaction  the  instant  the  cylinder  ia  used.  In  this  cusc.  just  as 
efore,  +  C.  O.SO  D.  axis  at  ninety  degrees  is  to  he  commenced  with, 
and.  after  the  lens  ha.s  been  shifted  until  the  beKt  meridian  liii.-^  beou  ob- 
tainnl,  appropriate  cylinder-lenses  are  to  be  added  and  ituhtracted  until 
every  miscalkd  letter  on  the  smallest  line  of  type  visible  ha*  been 
properly  named. 

The  correction  of  simple  myopic  astigmatism  demands  the  same  pro- 
cedure witli  concave  cylinders,  and  soon  manifests  i1«elf  by  the  early 
refumil  (if  Hpherical  tenses  and  the  almuat  instantanooua  selection  ol 
cylinders  of  various  strengths  and  anglea. 

Mixed  astif^matism  is  soon  estimated  by  commencing  with  the  concave 
cylinders  and  increasing  their  strength  and  revolving  their  axes  until 
the  be8t  possible  vision  ia  obtained.  As  a  rule,  it  will  be  ff^und  that  the 
correction  of  the  entire  ametropia,  in  some  one  meridian,  will  be  quickly 
obtained.  Thie  is  to  be  followed  by  dropping  a  weak  convex  cylinder 
before  the  chosen  concave  lens,  at  right  angtett  to  the  minus  cylinder, 
and  gradually  increa.sing  the  strength  of  the  convex  lens,  until  the 
highest  visual  acuity  has  been  reached  in  the  meridian  at  right  angles 
to  the  minus  one.  The  two  lenses  being  held  firmly  together  at  exact 
right  angles  to  one  another,  and  the  patient's  attention  being  confined 
to  some  tnisoUled  letter  in  the  itmallest  line  of  type  that  is  visible  to 
him,  tJie  lcn«e«  are  to  be  slowly  and  cnmbincdly  revolved  about  each 
aide  of  the  yriginal  axis  chosen,  until  the  outlines  of  the  letters  are  ren- 
dered more  distinct.  Bv  this  means,  the  exact  angles  of  greatest  and 
least  curvature  are  soon  found.  The  patient's  eyes  being  kept  fixed  upon 
the  most  difficult  letters  of  the  smallest  line  of  type,  additions  and  sub- 
tractions from  both  series  of  cylinders  are  to  be  made,  until  the  best 
possible  vision  has  been  obtained.  The  result  should  then  be  tested  hy 
the  artificial  accommodation  test  with  the  -)-  S.  4,  V.  and  the  retinal 
reflex  test  If  all  seems  right,  the  work  is  to  be  repeated  at  daily  inter- 
vals until  two  sets  of  answers  agree. 

In  aphakia,  the  requisite  lens-strengtSi  is  (piickly  chosen,  the  selec- 
tion, in  most  instances,  being  greatly  helped  by  an  additional  cylinder  of 
generally  one  to  two  diopters'  strength,  with  its  axis  placed  parallel 
vith  the  length  of  the  previous  corneal  incision. 

Some  cases,  as  said  before,  do  not  require  that  the  ciliary  muscle 
should  be  iiaralyzed.  This  is  particularly  the  case  among  the  aged,  in 
whom  the  senile  change  has  almost  destroyed  the  activity' of  the  muscle. 
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A;0un,  (he  mytirintjc  may  eillier  be  dmi^^roas  to  the  cj'c,  or  it  may  act 
nn&voraWv  ufKtii  the  general  efouoniip'.  Thwe  latter  ciuea  niny  fre- 
(jaently  hv  Titirlv  well  ivriinitUHl  with  un  cxlrenicly  weak  iind  evuiieMcerit 
Mlntion  nf  one  of  thodrngft  sufficiently  rppealed  to  make  almost  oertnin  tlie 
result.  As  before  mentioned,  a  few  cuses  wbcre  tliere  19  quick  intelli- 
gence, with  DO  local  complications,  may  he  tried  without  any  drug  at  nil. 

With  the  feeble-minded,  the  demt-nted,  foreigners,  the  yonng,  etc.. 
where  it  is  impossible  to  obtain  any  inlftli^cnt  understanding  ue  to  what 
patient  8ee«,  it  becomes  neccsaarj'  to  abandon  the  subjective  method 
'  w  deteruiinatlon  for  one  of  the  most  cerlain  and  easiest  of  the  objective 
plans  of  CHtimation — the  fundus- reflex  test.  This  plan  haa  proved  of  great 
•ervice  in  such  cases.  The  plane  mirror  plan,  as  lias  been  explained, 
tf  bv  far  the  preferable  method.  As  previously  explained,  lenses  of  vari- 
ous strengths  and  grades  are  to  be  placed  in  the  test-frame,  or  prefer- 
ably, »ome  mechanical  contrivance  holding  a  series  of  correcting  lenses 
vhich  can  be  eafljlv  moved  into  proiter  pa^ition,  i»  to  be  employed  in  the 
same  Tray  as  just  directed  for  the  subjective  method ;  each  change  of  lens 
being  verified  or  contra-indicated,  by  study  of  the  movement  of  the 
oonseqncnt  reflex,  until,  ot  last,  emmetropia  is  supposed  to  bare  been 
reached:  this  done,  the  direct  method  of  ophthalmoscopic  examination 
should  be  preferably  tried,  and  tlic  details  of  the  fundus,  especially  of 
tlie  macular  region,  be  sought  for,  and  used  as  a.  confirmation -teat  for 
the  lenses  cboeeu  by  this  method. 

Even  in  onlinary  cases,  »ome  surgeons  of  th«  present  day  prefer  to 
make  u.4e  of  the  <|nick  and  most  easily  recognised  findings  as  tothe  degree 
and  amount  of  correctable  aftigmntisin  of  so-called  ophthalmometric  study 
in  tlieir  fonnula-  for  corn-cling  lense*i  in  preference  to  the  time-taking, 
though  absolutely  certain,  tosl-lens  ftelecting.  That  the  method,  as  before 
eKplained.ia  eminently  u.ieful  in  the  objective  detection  of  corneal  in-eg- 
ularity  and  asymmetry,  there  can  he  no  doubt;  but  as  the  re^tults  with 
the  present  forms  of  apparatus  are  so  doubtful  to  most  observers,  and  at 
time«  so  at  variance  with  those  obtAined  from  other  instruments  of  equal 
precision,  and  further,  as  there  is  no  check  as  to  correctness  except  bv 
test-lenses,  which,  to  give  adequate  answers  in  such  cnsea  so  slurlieil, 
rec|uire  as  much,  if  not  more,  effort  than  if  they  had  been  primarily 
employeil  to  subjectively  correct  any  error,  it  thus  ncccssorily  fails 
much  of  its,  by  some,  supposed  value  in  the  ivhsohitc  correction  of  nil 
the  existent  astigmatism  in  any  given  case,  and  resolves  itself,  in  iXg 
present  mechanical  form,  into  a  contrivance  intended  for  the  riwly  recog- 
nition of  errors  of  corneal  rcfniciion.  As  intelligently  used  at  present, 
therefore,  and  as  previously  Hhowti,  it  is  invaluable  as  lu)  adjuvant  in  the 
careful  and  scientific  detection  of  faulty  curves  und  astigmatic  meri- 
dians which  are  confined  to  the  comeu:  especially  is  thia  so  with  the 
ophthalmometer  (ker:Lt4)meter)of*laval  and  r^cbiutx,  which,  as  elsewhoro 
describeil,  can  be  readily  made  of  the  greatest  use  in  many  cases  in  the 
measurement  and  isohition  of  comenl  astigmatism. 

As  a  rule,  it  will  not  be  necessary  to  employ  the  various  ingenious 
optometers,  intended  for  subjective  use,  that  are  devised  from  time  to 
time.  They  should,  however,  always  be  used  in  scientific  experiment 
and  in  doubtful  cases,    Unfortunat^y,  in  most  of  the  subjective  varieties 
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of  me»!>ureiDent.  ns  before  hinted,  diHerential  (listicictioD  on  the  part  of 
the  piK  lent  is  eo  delicate,  and  supposed  optical  constants  are  so  inconstant 
and  viiriiible,  that  the  least  incougruity  in  answer  and  the  slightest  dis* 
turbance  in  working  iiiaehinery  will  give  rise  to  tlic  uioet  duogcroiu 
errors.  To  the  intelligent  and  wcll-educi»twl,  and  to  ibo  scientific 
observer,  nothing  can  be  more  beautiful  than  to  see  the  wonderful 
changes  in  Hberrntion  whieh  appear  to  un  arnetrupic  organ  of  vision : 
but  for  practiciil  purposes,  in  every-dny  public  and  private  work,  among 
the  ever-varying  grades  of  mentality  brought  before  us,  most  of  these 
methods  cannot  be  used  Co  advantage. 

After  havlug  et^tiinated  tlio  refractive  error,  it  becomes  necessary  to 
order  the  correlation  of  it.  The  point  ut  which  DondcrM  deemed  cmme- 
tropia  tci  be  present,  is  certainly  scientifically  incorrect,  and  cannot  hold 
good  vhen  the  wear  and  tear  of  tissue  incident  to  the  constant  slrain 
and  harry  of  the  present  age  are  considered.  The  abused  eyes  and 
their  appendages  will  show  the  slightest  organic  or  physiological  fault, 
working  at  ihe  rate  to  which  they  are  daily  subjected.  AH  that  can  be 
said  is  ihnt  a  definite  correlation  between  the  combined  sensory  and 
motor  act«  must  be  properly  CHtablisihcd  before  hurmouy  of  result  can 
be  expected  in  eyes  which,  if  left  uncorrected,  would  give  local  disturb- 
ance anil  even  general  discomfort.  The  optical  portion  of  the  apparatus 
mu»t  be  in  oj!  perfect  a  condition  us  possible  for  the  character  of  work  it 
is  to  he  used  for,  and  the  adjusting  purts  mnst  be  as  evenly  balanced  and 
smoothly  working  »i8  they  can  be,befor-e  unconscious  action  can  be  obtained. 
With  this,  then,  the  student  will  he  daily  brimght  face  to  face  when  errors 
of  refraction,  accommodation,  and  correlated  extra-ocuhir  muscle-action 
are  to  bo  corrected,  which,  although  ofteu  of  seemingly  little  conse^ueuee 
in  ihemsplves,  he  may  find  it  noceRsarv  to  give  correction  for,  in  order 
to  relieve  the  patient  of  symptoms  which  have  defied  medication.  The 
({uestion  Is  not,  then,  the  simple  one,  Is  there  suHicicnt  ametropia  to 
correct?  It  is  the  complex  one,  What  are  the  eyes  used  for?  How  are 
they  employed?  To  how  much  strain  are  they  subjected  ?  What  gen- 
eral symptoms  might  result  from  their  abuse ''.  Are  such  symptoms 
present ':  Such  questions  as  lhe«e  decide  the  answer.  Remember,  then, 
ibat  the  utmost  attentiitn  muHt  ulwayn  be  paid  u>  both  the  oundilioii  of 
the  refraction  and  the  action  of  the  ocular  muscle?,  as  it  is  to  their  com- 
bined workings  that  our  treatment  ts  directed.  Moreover,  it  must  be 
understood  that  there  is  probably  no  fixed  r^tandard  at  which  to  place 
the  mu8cIe-power  of  the  eye,  any  more  than  there  is  for  any  other  series 
of  muscles  in  the  body.  'Ihe  umsclc-tone  is  nut  only  in  uasoclatiun  with 
the  amount  and  character  of  the  refraction-error,  but  bears  a  direet 
retalioTi  ty  the  general  conditi<.>n. 

As  to  the  amount  of  strength  of  lens  to  employ  as  compared  with 
that  which  has  been  obtained  under  the  mydriatic,  rules  of  all  sorts — 
fi-om  those  that  assert  that  total  correction  Is  necessary  (which,  then* 
retically,  is  correct  and  should  be  done  in  every  instance  possible),  to 
those  which  mainluin  that  the  manifest  error  alone  is  sutlident — exist, 
and  will  continue  to  exist  lu  long  as  individual  thought  and  opinion 
hold  their  own. 

Independently  of  a  few  bruud  fomiuhe  upou  which  to  base  decision. 
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Vti  must  hv  gov(;me(l  bv  (.lie  aim  iiniWr  examination.  The  correcting- 
lent  of  die  ainetropin  of  one  patient  Vi'lin  employ?  his  eyt^  at  the  (li^tnnce 
of  ft  luilf-nieter  is  »  very  iliflirent  lens  from  that  whicli  shoiiM  correct 
UtefUDe  amount  of  iimelropin  in  anotlier  patient  who  places  his  work 
at  liiit  one-thirrl  of  a  meter.  The  wiitchmakcr  and  engraver,  who  need 
|a  XKiJBl  careful  adjustment  for  twenty  ariuiiiietera,  arc  in  a  very  ditferent 
IlKBeition  from  the  bookkeeper  and  clerk,  who  almost  CAnHtantly  use  their 
►TTections  at  from  forty-five  to  sixty-five  centimeters.  Tlie  strong 
'Jjuslnient  necessary  for  the  small  wamjin  with  short  arraB,  wlio  oaii 
f'** infortahly  hold  the  work  only  at  thirty-five  centimeters  aw.iy  from 
**^Teye3,  is  a  (|uite  different  probloin  from  the  weak  adjustment  sufficient 
►  HiiDit  the  Urge,  long-armed  man  to  hold  it  at  fiflv  centimctera. 
•«iai  COM  holds  ils  own  answer,  and  muiit  be  studied  separately.  The 
icoinmodiitive  play  and  positions  of  desired  working-pointa  enter  so 
inch  into  the  »|uestion  of  the  selection  of  the  primarily  chosen  leiisea, 
^•latihey  must  be  taken  into  consideration  in  every  instance,  wlubt  the 
I  *?^  ver-rekled  extra-ocular  muscle-balance  and  movement  necessary  for 
I  Vniper  binocular  vieiion  uiust  be  carefully  ascertained  and  judiciuudly 
I  ovrrccted  and  coinbined,  whenever  found  mark(^<lly  faulty  or  inlianno- 
^K  itious. 

^P       The  following  directions  may  he  useful  in  the  selection  of  the  correo 
^^    tions.     The  student  should  always  begin  by  studying  each  eye  sepa- 

tfatdy.  Suppose,  for  instaTice,  thai  the  case  Js  one  of  compound 
liyperme tropic  a8tigmati«m,  with  fiiir  ciliary  nmscle  [lower.  Firat,  the 
finoQ  is  to  be  gotten,  which  will  probably  He  found  to  bo  but  slightly 
iMow  nuniial,  or  may  even  he  norninl.  This  in  to  lie  folinwed  by  obtiiin- 
ing  the  accommodation,  in  which  the  near-point  will  usiinlly  be  situated 
too  fur  from  the  eye.  The  work  upon  tlie  correction  is  to  be  begun  by 
slipping  the  previously  choaen  cylinder  into  the  test-fnime,  and  note  taken 
whether  there  i»  improvement.  Usually  it  will  be  found,  especially  if 
the  a^tigniatifun  in  slight,  that  ihe  vimon  in  betlt^red.  A  weak,  spherical 
lens  is  next  to  he  dropped  in  front  of  the  cylinder,  which  will,  eapecially 
,  iu  the  left  eye,  probably  further  increase  the  distinctness  of  the  smallest 
^^  type  visible.  An  increjLiie  of  the  strength  of  the  spherical  lerts  will  now 
JK  give  apparent  normal  sight.  This  should  be  continued  until  the  last 
and  strongest  possible  selection  produces  a  "  faint,  fog-like  acum  "  before 
the  eye,  when  the  next  weaker  lena  should  ho  the  one  chosen  for  the 
purpose.  After  being  repeated  wit))  the  fellow-eye,  the  region  and 
power  of  accommodation  iu  eacli  corrected  eye  are  to  be  obtained.  The 
two  eyee  are  now  to  be  tried  simultaneously.  As  a  rule,  it  will  now  be 
found  that  the  binocular  vision  will  be  much  clearer  and  better  with  tlie 
choeea  lenses  than  when  the  eyes  were  tried  separately,  thus  allowing 
stronger  aud  stronger  spherical  !cuse«  to  be  simuttaueuusly  substituted 
in  front  of  the  separately  chosen  uphero-cvlindera.  until  ajjain  thcflmidlest 
line  of  letters  becomes  sliglitly  dim.  1*110  next  weakest  pair  of  Icnacs 
are  the  ones  to  stop  at. .  Binocular  accommodation  for  the  nearest,  the 
farthest,  and  the  best  points,  must  next  be  tried. 

If  the  case  is  young  or  comparatively  so,  and  does  not  use  the  eyes 
conxtanUy  for  some  near  object,  this  combination  of  lenses  will  serve 
for  constant  wear,  but  should  there  be  a  decided  weakness  of  ciliary 


|>nwer  or  wuiit  oT  ]enticul:ir  oUalioily.  caused  b_v  higher  li^permetropia. 
mere  adviii)i.*c(l  agv,  nr  voiuiUnL  ciDjiliiyinent  of  Liie  eyes  ut  some  very 
close  point,  it  will  he  ailvlnfthle  to  give  the  strongest  combination  of 
convex  spherical  lenses  with  the  cylinder  for  the  best  vision  at  the 
fleaired  iiccomimnlutive  point.  This  cnrrection  is  to  be  Ui»od  for  near- 
work,  in  ndilition  to  the  ])»ir  cboson  for  distance.  Cure  inu!<t  he  tuken. 
ill  eticli  ini4tiit]ce.  to  obtain  a  normal  extrs-ocultir  muKcle-baluncv.  This 
in  done  by  giving  that  Ktronglli  of  .sp!inried  Icnites,  in  combination  iritli 
the  cylinder  lenses,  wliich  will  produce  the  nearewt  degree  of  tnuscle- 
equilibrium  for  both  tljt;  ne;ir  and  the  fur  lenses — always,  however, 
taking  the  general  conilitinn  of  the  piitient  into  consideration.  If  full 
correction  is  not  employed,  the  patient  should  bo  so  iufomied,  and  the 
lens  may  he  made  slightly  thicker,  so  that  any  increaae  fonnd  neeesisary, 
may  be  eauAy  gruund  on  with  but  little  expense  to  the  patient.' 

The  formula  l^  he  sent  to  ihe  optician  for  such  a  case,  should,  for 
examjite,  read  as  follows: 

F. 

o  D.  +  a  1.  n.  c  +  (■■  o-w  n.  nx.  vt". 

O.  8.+ai.  D-C  +  C  OJWD.jix.  ISi". 
(Ccnmd  &e , . .  min.) 

That  is  to  say,  "  O.  D."  (opticus  dexter,  or  right  eye)  is  to  have  n 

" +S."  (plus   or   convex    spherical)  lens  of  "1.   D."   (one   diopter 

strength)  *'  O  "  icomhined  with)  a  ''  -f  C."  (jihis  or  cjinvex  cylinder) 

lenc  of  "  0..10    D."  (onc-haif    diopter  strength)  "ax.  46*"  (axis  at 

forty-live   ilegreea);    the   same    rules    applying    for  "O.  S."  (opticus 

Mnister,  or  letl  eye).     It  thus  succinctly  directs  that  the  optician  ia  to 

make  for  the  right  e)*e  a  compound  lens,  composed  of  a  con  vex -spherical 

lens  of  one  diopter  atrcngtb,  combined  with  a  convex  cylimler  lens  of  a 

half-diopter  strength,  with  its  iixie  nl  fyrty-five  degrew,  and  the  same 

strength  conihiriiitimi  with  its  cyliinier  axis  at  one  hunrireil  and  thirtr(>- 

five  degrees  for  the  left  eye  ;  the  optical  centres  of  these  two  lensw  to 

be  placed  .  .  .  milliiaeters  apart.      Should  the  student  prefer  the  plan 

of  cylinder  notiktion  used  by  Knapp.  the  same  formula  when  given  in 

full  would  rend : 

O.  D.  -^  8.  1.  D.  C  +  C  0.5O  1}.  ax.  46°  T. 
O.  S. -T-S.l.  n.C+C»«H>.  "■45=  N. 

That  is,  the  axis  of  the  right  cylinder  is  inclined  forty-fire  degrees  tem- 
pornllv  (T)frDm  the  vertical  meridian,  and  the  axis  of  the  lejt  cylinder 
is  inclined  forty-five  degrees  nasally  (N)  from  the  vortiad  meridian.  If 
ITnrlari's  method  be  used,  the  eylinder-axis  of  the  leh  eye  would  he 
noted  the  same  na  that  written  for  the  right  eye.  Ordinarily,  especially 
if  the  optician  be  at  such  a  distance  that  the  patient  cannot  have  the 
frames  properly  adjiiHted  by  him.  we  should  state  the  chanuitcr  of  the 
frame  desired,  with  the  interpupillary  iind  temporal  distances,  the  bridge* 
height  and  width,  the  relative  antero-posterior  distance  between  uie 

I  nMfttiUtot  hastbunil  Ibol  i^nt-nr  twuadiUUonalkuiciaiitaorabimt  aa«>lutlf  In  thrvo-ftniritii 
Of  a  Olopur  are  rei|uli«(l  in  tnm  "nw  to  two  ]ri'*n*  tliD«  In  lowdiwreoeor  hTponnctniplA.  In 
IhcmldaleBnidiia.  biirlier  •■r>rii<i:'lli>ii*  >rchiitiii-<liH(>:1]-  Lnkuii,  aud  Uii'  n-in>liiliiswoonuiwtUiv« 
qioani  la  loub  uieo,  tliuoanoirliii);  ilii.-  (Mticni  inn-tikin  ilKMinKinAl  r-irrodlrin  iVir&niiKh  longer 
Mdoid.  In  Ike  blx"  vkrti-den.  tliv  Bn-'Mlvr  jiirt  ut  ilia  ourrvctiuu  U  rcailUf  rooolvoi]  at  din,  «nd_ 
u  held  fortwnr  ye»w. 
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apex  of  the  nasai  bridge  and  the  plane  of  the  lenses,  and  the  wished- 
for  inclination^  directly  beneath  the  formula.  If  through  force  of 
circumstances,  the  fitting  must  be  personally  done  by  ourselves,  the 
formula  as  above  given  is  complete. 

In  large  cities,  where  there  are  expert  and  first-class  ophthalmic 
opticians,  it  is  always  best  to  leave  the  entire  fitting  of  the  frames  to 
them,  merely  stating  on  the  formula  that  a  reading-  or  a  distance-frame 
is  desired,  so  as  to  give  a  certain  number  of  millimeters  between  the 
pupils  when  the  eyes  are  binocnlarly  fixed  for  some  certain  point  that 
has  been  agreed  upon  in  each  individual  case. 

If  we  desire,  we  can  adhere  to  the  old  inch  system,  which  would 
make  the  above  formula  read  : 

O.  D.  +  1/36  sph.  C  +  1/72  eyl.  ar.  45° 
0.  S.  +  1/36  sph.  C  +  l/"2  cyl.  ax.  135°. 

If  prisms  are  to  be  employed,  the  amount  of  P.D.  or  Cr.  strength, 
wiUi  the  direction  of  apex  or  base,  is  to  be  appended  to  the  formula. 
If  the  strength  of  the  prism  has  been  determined  by  the  old  method  of 
angular  deviation,  the  degrees  of  opening  can  be  substituted  for  the 
number  of  prism  diopters  or  centrads. 

Simple  hypermetropic  astigmatism  demands  the  correcting  convex 
cylinder  for  constant  use  if  the  case  is  young  or  has  a  strong  ciliaiy 
muscle,  but  necessitates  an  additional  spherical  lens  for  near-work 
should  ciliary  action  be  weak  or  inefficient.  When  there  is  no  addi- 
tional spherical  lens  necessary,  the  formula  reads,  for  instance,  as 
follows : 

0.  D.  +  C.  0.50  D.  ax.  45° 

0.  S.  +  C.  0.60  D.  ax.  1&5°. 

If  an  additional  spherical  lens  be  required,  the  formula  will  practically 
be  the  same  as  Uiat  given  to  illustrate  what  is  used  for  compound 
hypermetropic  astigmatism. 

If  the  case  be  one  of  compound  myopic  astigmatism,  the  problem  is 
very  difficult  and  requires  accurate  knowledge  of  the  mode  of  employ- 
ment of  the  eyes,  the  amount  of  ametropia,  the  character  of  the 
astigmatism,  etc.  The  full  cylinder  should,  as  a  rule,'  be  placed  in 
the  correction,  but  the  spherical,  although  properly  ordered  in  its 
entirety,  in  some  instances  may  be  reduced  by  an  amount  that  is  com- 
patible with  fair  distant  vision  and  the  safety  of  the  organ.  This  pro- 
cedare  is  advisable  in  the  higher  forms.  This  is  owing  to  the  fact  that  the 
diminution  of  the  size  of  the  retinal  images  produce^i  by  the  correcting 
lens  induces  the  patient  to  enlarge  them  by  bringing  the  object  nearer 
to  the  eye,  and  to  the  unfortunate  habit  that  most  patients  of  this  class 
possess,  of  using  an  acquired  working-point,  which  represents,  as  a  rule, 
their  uncorrected  best  point  of  vision,  though  this  practice  has  been 
rendered  unnecessary  by  correction  with  proper  lenses.  Should  the 
myopia  be  of  sufficient  quantity  to  allow  a  partial  correction  that  is  suffi- 

1  The  ftulbor  hu  seen  departnTee  from  this.  Gnu  case,  seen  several  years  ago,  had  so  bigh 
a  myopic  uMiidlan  that  It  was  found  iiecussary,  after  several  trials,  to  balve  tbe  cylinder- 
streiigtD,  after  which  the  patleot  remained  perfectly  comfurtable  and  n?ee  from  all  ocular  Ktrain. 
with  ccHation  of  fUnher  incream  In  the  refractive  error.  The  patient  haa  been  seen  within  a 
year. 
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cipiit  for  n  safe  ntui  comforlnble  remliiig-point,  the  simleiiL  slioiilil  employ 
at  first,  ff>r  consttint  use,  n  weaker  pair  of  spherical  lennes  with  the 
cylinders  which  will  give  the  best  viaioD  at  this  distaoc*.  Afterward, 
if  possible,  he  is  to  give  the  fuller  correction.  reser%*ing  the  first  pair  for 
nesr-work  alone.  If  the  myopia  bo  verv  slight,  or  even  if  it  be  imxlerate. 
the  ftill  <.i>rrectio[i  fur  diKtancB,  utnl  the  cyhiidcni  for  ncar-wurk.  are  to 
be  given.  If  tbcpntieni  be  old  and  the  eyes  are  prAsbyopic,  the  amount  of 
ciliur}'  weaknt-iM  and  want  of  capsular  elasticity,  which  may  in  a  measure 
he  corrected  by  a  certain  degree  of  lens-hardening.  mu-St  Iw  tiubtracted 
from  the  total  correction  given  fordietance,  nnd  the  Hifrerence  employed 
for  tiear-work  alone.  This  in  ninny  instances,  among  the  slightly  myopic, 
will  rG(|ulre  a  weak  convex  spherical  lens  with  &  cont'cx  cylinder,  with 
itit  uxiti  at  right  angles  to  the  axis  of  the  originul  cuucavu  cylinder.  The 
formiilH>  in  all  thetie  intitanreH  are  similar  U^  those  just  given,  except 
ibnt  a  minus  mark  (  — )  to  designate  a  concave  lenn,  U  to  be  used  id 
place  of  the  plu.-!  (  +  )  s'gn- 

In  mixed  astigmatism,  the  empirical  plan  for  obtaining  best  vision, 
rooet  comfort,  and  less  liability  to  increase  of  refractive  error,  is  Brst  to 
increase  grailutUIy  the  concave  cylinder  until,  as  a  rule,  the  entire 
strength  is  placed  in  the  test-frame.  This  is  to  be  followed  by  mb- 
stituting  stronger  and  stronger  convex  cylinders  at  right  angles  to  the 
selectoa  concave  cylimier,  nntil  the  best  poAsiMe  vision  has  been 
obtained.  Having  iiccomplished  this  with  each  eye  separately,  and 
with  bottt  eyes  combiiicdiy.  monocular  and  binocular  accommodation  are 
to  be  tried,  nnd  if  the  eyes  are  still  fiiulty  and  inefficient,  correcting 
convex  spherical  lenses  are  to  be  placed  before  the  chosen  corrections, 
until  the  near  object  bocomoB  diHtinct.  If,  by  this  plan,  musclc-balanoe 
bo  established  for  near-work,  and  a  very  slight  degree  of  horizontal 
deviation  toward  the  aiime  side  as  a  vertically  placed  prism  be  proituced 
for  distance  (jiwl  as  in  all  the  other  instances),  the  lenses  thn."  chosen 
may  be  ordered  for  near-work.  The  distance-glass  made  up  of  the 
cylinders  aloue  ia  to  be  worn  at  n\\  other  times,  whilst  the  readiog- 
gla*9,  corresponding  to  the  corrected  ametropia  and  faulty  accommoda- 
tion combined,  should  be  employed  in  doing  near-work.  A  pair  of 
periscopic  convex  lenncs  in  an  eye-glass  frame,  representing  the  pres- 
byopia, may  be  slipped  in  front  of  the  permanent  distance-correction 
when  nimiifiitary  near-work  is  attempted.' 

Presbyopia  without  refractive  error  is  so  rare  that  it  is  always  best 
in  cases  of  old  sight,  to  obtain  carefully  the  refractive  error  or  iaer(uality, 
and  add  this  to  the  accommodative  fault.  A  pair  of  spectacles  and 
eye-glasses,  the  one  for  home  or  oflice  use  during  prolonged  near-work, 
nnd  the  other  for  momentarv  employment  iti  siluations  where  it  wouhl 
be  uncomfortable  and  disturbing  to  search  for  spectacles  and  fit  them 
on  for  use,  are,  as  a  rule,  the  most  desirable  for  the  patient.  Oflen,  if 
there  be  but  little  inequality  between  the  refraction  of  the  two  eyes, 
the  difterenoe  will  be  rejected  by  the  patient.  Again,  minor  degrees 
of  astigmatism  are  frecpiently  rejected  where  th«  lenses  correcting  the 
pre^yopia  are  tried.     In  both  of  thcjie  inntancea,  it  may  at  times  hv 
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Vrn  to  ignore  them  in  tlie  preHbyopic  correction.     The  many  varietie« 

tfr«-callea  "  Frankb'tt  iflnaaes."  pi-eferftbly  those  that  have  the  plane 

of  the  lower  half  bent  slightly  inward,  and  the  numerous  patterns  of 

ii-ft^l  OT  tri-/ocai  lenwSf  each  contrived  for  somp  special  peculiarity. 

w  frequently  of  great  value,  aii'l  can  uften  be  satisfactorily  aiiaptcd 

ttfeaecs  where  it  is  necessary  to  une  both  a  far  ami  a  near  ^hias,  as  in 

'he  many  form!t  of  ametropia  with  or  wiihimt  preiihyopia.   K.-ipecially  is 

ihi?  so  with  artists,  bookkeepers,  and  othere  who  find  it  necessiiry  to  gaze 

aJleniately  at  objects  that  are  situated  at  two  or  mure  definite  points. 

Tiw  apthor  hi«  frequently  employed  them  to  great  advantage  in  cases  o* 

"phakia  following  cataract  extraction.     The  coinenteil  lens,  which  can 

K»w  be  ground  so  thin  a«  to  be  hardly  percejitiblc.   is,   on  account 

[.of  the  ease  with  which  it  can  be  removed  anil  changed,  much  better 

itto  the  lioubly-gronnd  single  lens.     Frequently,  in  cawes  where  it  is 

>t  tiecewMry  to  correct  any  ametropia,  the  preshyopic  lenses  can  be 

>nveniently  and  ad^'antageously  cut  into  a  smaller  and  flalter  oval,  or 

^*'en  into  a  crescent  with  the  points  turned  upwanl,  thus  allowing  the 

'pjter  field  for  distant  vi-iou  w  hen  the  patieul  is  altcriutely  reading  and 

ipesking  whilst  standing  on  a  high  phitforin. 

If  exceedingly  strong  lens-powcre  are  to  bo  employed,  much  of  the 
^cjEsequenl  weight  may  be  reduced  by  rcHort  to  the  so-called  lenticular 
^vntea,  which  consifit  either  of  praall  convex  lenses,  of  such  railii  aa  to 
f<ive  the  jiame  i^trength  a«  the  larger  ones  cemented  to  one  of  the  many 
farms  of  onlinary  spectacle-glasses,  as  flngj.'eated  by  Loring,  or  of  small- 
iiresed  deep  cavities  cut  in  the  opposite  surfaces  of  plane  glasses,  as 
pmpotsed  by  Green.  In  all  the  forms  of  heavy  concave  lenses,  the 
weight  may  be  nliM  greatly  refluced  hy  bevelling  the  edgea  of  the  lenses. 
Id  fact,  it  may  be  done,  if  so  desired,  as  shown  by  Gould,  in  the  more 
oniinar}'  vaiieties. 

In  aphakia,  the  full  lens-strength  should  always  be  ordered  and  con- 
Btanily  worn  for  distance,  with  either  an  extra  pair  containing  an  addi- 
tional spherical  atrongth  adapted  for  use  at  any  required  near-point, 
or  a  bi-focal  slip  cemented  to  the  lower  portion  of  the  distance-lens.  If 
deeired,  as  in  many  cases  of  single  extraction,  recourse  may  be  had  to 
the  *>-callcd  reversible  frames,  which  contain  hoth  the  distance  and  near- 
work  lens.  The  two  most  popular  frames  consist  of  a  fitting  with  an 
\  bridge  and  straight  temples,  which  is  to  be  reversed  and  inverted  for 
near  and  far  use  respectively,  and  one  which  can  be  reversed  by  a  change 
in  the  hinge  of  the  temples,  allowing  tlic  side-pieces  to  be  swung  forward 
and  backwanl.  It  should  always  be  remembered,  and  most  somotimes  he 
taken  into  consideration,  that  the  apherical  lens  In  tlicse  cases  is  so  strong 
that  tlie  distance  between  it  untl  the  separated  cylindcr-Iens  in  the  trial- 
frame  is  at  times  sufficient  to  make  a  difference  in  the  vision  of  the 
patient  whilst  employing  the  single  compoimd  lens  made  by  the  optician. 
The  corrections  for  the  many  cases  of  aniaometropM  and  antimftro- 
}ia  (t«rm8  respectively  deaignalivo  of  unequal  degrees  uf  the  same  kind 
refraction  in  the  two  eyes,  and  unlike  kinds  (if  refraction  in  tlie  two 
[eyes')  daily  seen,  which  will  give  the  most  comfortable  and  the  most 
itiafactory  vision,  arc  those  which  consider  one  eye  as  the  working 
and  the  other  u  the  helping,  the  latter  being  gradually  trained 
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Up  tu  better  work.     A  good  empirical   rule,  is  to  pat  aa  maoh  of  the 
spherical  vikh  all  of  the  cylinder  upon  tlie  better  e^ve,  and  to  add  tb»t 
Rpherical  to  the  cylinder  before  the  fellow-eve  wliich  will  give  the  easiest 
ami  best  associated  Vision.  To  determine  this  latter  point,  the  siinplrat 
plan  i»  to  trv  one  of  the  muscle-tests  in   both  horizontal  and  vertical 
directions  at  five  nietors'  distance  after  the  supposed  proper  len^^s  have 
been  reached,  and  if  muscle- balance  be  obtained,  or  if  there  be  even  »> 
fraction  of  homonymous  diplopia  roraaining,  the  correction   may  bv 
gafely  ordered.     If  the  lenses  arc  inti>ndcd  for  noiir-work  alone,  tho 
mu»clc-balance  test  should  be  repeated  at  the  desired  distHnce.  Though 
at  times  it  is  difficult  to  tell  wliich  to  make  the  working  eye,  yet  ic  10  a. 
good  plan  to  choose  the  one  which  has  the  lesser  ametropia,  especially 
astigiDBtism,  or  the  lesser  amount  of  iniiscular  or  inHammatory  dis- 
turbance.    If  binocular  vision  be  impossible,  the  highest  correcting 
lens  compatible  with  the  comfort  uud  safety  of  each  individual  eye  can 
he  ordered,  care  being  always  uiken  to  correct  as  much  of  the  a«iigma- 
tiam  a.<t  poHvble.     Should  the  antimeti-opia  be  marked,  the  rule  is  to 
correct  as  much  of  the  error  in  the  hypermetropic  eye,  and  as  little  of 
the  spherical  error  in  the  myopic  eye,  as  possible. 

In  the  apgdicalioi)  of  these  rules,  it  must  be  distinctly  understood 
that  no  hard-HTid-fuHl  laws  can  be  liiid  down  for  the  government  of  each 
case.  There  are  so  many  ppciiUaritios  in  the  shapes  of  the  globes,  in 
the  conditions  of  the  dioptric  apparatuses,  aud  in  the  actions  of  the 
intra-ncular  and  extra-ocular  muscles,  and  so  many  disturbing  elements 
irhen  the  two  eves  are  brought  into  combinotion  at  their  usual  working 
positions,  etc.,  thai  beyond  these  few  rules,  little  eUe  than  empiricism  can 
ever  be  the  guide  in  the  aoleclion  of  lenses  that  can  conscientiously  be 
considered  m  correct. 

In  some  cases  of  irregular  or  meridional  astigmatism  and  conical 
cornea,  much  improvement  of  both  fiir  and  near  vision,  with  a  belter- 
mcDt  of  tbe,  at  timee,  concomitant  distrescing  symptoms  and  even  a 
retardation  of  the  actuiil  progress  of  the  condition,  maybe  obtained  by 
repeated  and  careful  lens-testing  and  correcting.  Fre<{uent1y.  in  such 
cases,  the  ophthalmometer  mav  be  made  of  incalculable  use  in  the  selection 
of  the  necessan,-  lenses.  No  definite  rules  as  to  the  procedure,  beyond 
those  Just  given,  can  he  formulated,  except  that,  here,  paralysis  of  tbe 
accommodation  should  he  avoided  on  account  of  the  accompanying 
disturbance  in  exposing  a  large  corneal  area  by  the  pupillary  dilatation. 
Either  artificial  myosis  or  slenopseic  holes  and  nlits  may  at  times  be  »d- 
vantageouflly  used  while  estimating  the  case,  althniigh  in  the  author's 
experience  the  patient  trial  by  leuscs,  with  the  eye  in  its  ordinary  con- 
dition, has  given  the  best  results.  Dependent  upon  the  position,  alti- 
tude, and  condition  of  the  upcx  of  tbe  cone  in  conical  cornea,  the  most 
bizarre  results,  and  the  mnst  pcM^uliar  lenticular  combinations,  are  at  times 
obtained.  Ordinarx-  diAcriminntion  and  care  in  the  selection  and  use  of 
the  leus.  with  utteution  to  both  local  and  general  hygiene,  will  often  be 
of  the  utmost  value  to  the  comfort  and  uscliihiess  of  the  organ.  For 
the  correction  of  irregular  astigmatism.  Pick  has  employed  mnal)  tTan»- 
parent  glass  shells  with  the  convex  surfiice  equal  to  that  of  the  normal 
iiuman  cornea.     These  are  known  as  roitUtet-fcn^eg.     They  are  to  be 
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plued  iQ  conluct  witli  the  irregular  gurface  of  the  cornea,  anil  the  inter- 
faiiiig  •Mcei>  are  to  bo  filiccl  with  n  sterilized  solution  of  grape-sugar, 
htinti  nave  worn  these  for  several  hvurs  at  a,  time  withuut  sufluriiig 
m  incoDvcnieoce  froin  clomiiDg  or  irritation.  The  couple  of  instances 
iniiliicli  the  author  has  tried  theTn,  however,  have  not  warranted  his 
ooDtiiiusaco  of  thoir  uec.  RacUluiann's  hyperbolic  lenses  with  n  deep 
MDcare  Iiyperboloid  nurfacc  to  fit  over  the  cone  in  conical  cornea,  maj 
iWbemviitioued. 

As  it  is  always  nilvii^ahle,  vrhen  ordering  any  of  the  ttbove  corrections, 
tobre  a  proper  formula,  and  as  the  difference  beiwcoa  the  lenticular 
tiCtobiintioQa  for  near  work  and  for  constant  use  frec|uently  include  both 
fflitiBS  and  plus  forms,  the  best  phm  is  to  reduce  all  the  len^-strengths, 
«W|rt  in  mixed  astigiuatisru,  to  siiiiikr  forms,  and  to  pluce  them  upon 
tht  order-blanks  in  tlie  most  concise  mannor. 

If  it  be  necesMry,  for  instance,  to  combine  the  formula  for  presby- 
opia vjih  the  representative  lens  signs  fur  the  amount  of  H.  Ah,  or 
"  +  Ah,  the  estimation  of  the  proper  formula  is  simple  enough,  merely 
'^^'i'ing  the  addition  of  some  convex  sign  representiug  the  strength  of 
the  convex  lena  necessary  to  bo  added  to  the  already  chosen  one  which 
^o*B  the  amount  of  the  correction  of  the  refraction -error  :  thus,  if 
^ett  be  u  hypermetropia  of  one  diopter,  with  wliich  should  be  combined 
*  Correction  for  presbyopia  of  two  diopters,  the  signs,  -)-  B.  I.  V.  and 
r^*  S.  2.  D.  are  ti  to  united  into  a  conaioon  representative  sign,  +  S- 
^-  D.;  or  if  the  original  (bmiula  reads.  +  S.  I.  D.  O  +  C  O.oO  D. 
"■X.  45°,  the  addition  of  the  +  8.  2.  0.  will  cause  the  new  formula  to 
*"ewl,  +  S.  3.  D.  C  +  C.  0.50  D.  ax.  -to'\ 

In  M,  Am,  and  M  -r  Am  with  Pr,  however,  the  readings,  if  made 
'0  a  similar  manner,  would  appear  very  different,  and  not  as  they  would 
ht  made  by  the  optician,  Here,  each  prescription  ehould  express  the 
simplest  and  most  effective  nicchanicnl  device  of  lens  that  the  opiicism 
CiD  make  use  of  to  accompiish  the  purpose.  Thus,  if  there  be  a 
toyopia  of  one  diopter  and  a  presbyopia  of  two  dioptorft,  the  formula  for 
ihe  near-work  lens  would  read,  -^  S.  1.  I>. ;  that  is.  the  —  1.  D.  has 
been  subtracted  from  the  -f  2.  U.,  leaving  a  +  1.  D. 

Although,  of  course,  the  rule  is  (he  same  if  astigmatism  be  present, 
Vet  here  llie  proce**  of  reduction  is  a  little  more  complicjitcd.  Kemem- 
benng,  however,  that  a  cylinder  deals  with  one  meridian  only,  and  that 
this  meridian  is  at  right  angles  tn  the  axis  expressed,  the  work  becomes 
coniparativelveasv:  tbus,  if  the  refraction-form uk  i»hould  read,  —  S.  1. 
D.  w  —  C.  U.50  D.  ax.  45°  it  shows,  as  has  been  explained,  that  there 
is  a  compound  leos  of  minus  one  diopter'i*  strength  at  the  forty-five- 
degrce  meridian  nnd  one  of  one  and  a  half  diopters'  strength  at  the 
one-lmndred^nd-thirty-fivo-degrec  meridian.  This  is  graphically  shown 
in  Fig.  179. 

I  Let  A  repreitent  a  graduated  circle,  the  dotted  lines  in  which  show  the 
ninety-  and  the  one-hundred-and-eighty -degree  meridian.  Drawing 
lineE  Dt  right  angles  to  one  another  through  the  pi>intii  reprettenting  the 
meridians  nsed  in  the  lens,  and  noting  rbe  lens-strength  employed  in 
theM  two  positions,  the  amount  of  lens-powen^  in  the  two  meridians 
Trill  be  seen  at  once  upon  placing   the    representative  signs  in  their 


274 


COKRKCTION    OF    ERRORS    OP    RSrBAGTIOK. 


respective  situatiuns.  For  instance,  in  cl)«  diagrao),  as  tlie  apberica]  \mn 
of  iDinuiit  unc  diopter  has  its  strength  in  alt  meridians,  iti)  sign  is  to  be 
placed  at  the  extremity  of  both  the  forty*five-  and  the  one-hundred-and- 
thirty-fivo-degreo  line;  whcreaa.  as  the  cylindrical  lens  of  minus  one- 
linlf  diopter  has  its  atrenplh  at  right  angles  to  its  axis,  which  is  fortv-five 
degrees,  its  sign  of  strength  is  to  be  placed  at  the  one-lrumlred-atid- 
thirty -five-degree  line,  ihiw  increasing  the  strength  of  the  one-hundred- 
and>thirty-five-degree  meridian  to  minus  one  and  a  half  diopters. 

Pro.  t».  no.  uo. 
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If  there  is  a  presbyopic  correction  of  tvro  diopters  to  add  to  this  cor- 
rection, all  that  is  necessary  to  do  ia  to  place  the  +  2.  D.  sign  immedi- 
ately over  the  —  1.  D.  wgn  at  the  forty-five-de-gree  meridiiin,  jiiid  over 
the  — 1.50  D.  sign  at  the  one-hundred-nnd- thirty-five-degree  meridian. 
Thus,  in  Fig.  180,  it  will  be  readily  seen  that  thereis,  aaa  rteuli.4-  l.D. 
in  the  forty-five-degree  meridian,  and  a  -f  O.oO  D.  id  the  one-liundred- 
and-ihirti.'-five-degj'ce  meridian,  whicli,  being  further  reduced,  will,  with- 
out much  calculation,  give  +  S.  0.50  D.  C  +  C.  0.50  D.  ax.  Vio".  Hero 
the  one  diopter  mcridinn  practically  holds  two  onc-lialf  dioptt-rs,  one  of 
which,  given  to  the  half-diopter  iu  the  opposite  uieridinn,  makes  a  half- 
diopter  spht^ricol  in  all  meridians,  with  a  remaining  half-diopter  cylinder 
strength  in  the  forty -five-degree  meritlifin :  thns  giving  the  above  formula. 

This  example,  which  can  be  modified  to  suit  any  caee,  will  be  suGBcieotly 
iilustratlvc  of  vrlint  is  meant. 

The  work,  however,  does  not  cease  here.  In  some  instances,  although, 
fortunately,  not  in  many,  as  the  mere  correction  of  the  optical  error 
often  restores  imperfect  musclo-balancc  and  gives  proper  muscle-action,  _ 
it  may  be  necessary,  in  addition  to  the  correction  of  the  refractive  error  ■ 
and  acc^onimodative  fault,  cither  to  relieve  .some  undue  tension  upon  one 
of  the  extra-ocular  musclc.n,  or  artificially  to  help  the  imperfect  work- 
ings of  a  remaining  weak,  over-used,  or  diseased  extra-ocular  muscle. 
This,  as  has  been  .-iliown  in  a  previous  section,  is  done  by  the  use  of 
prisms.  Should  the  case  continue  to  present  any  slight  disturbing 
muscular  element,  oven  when  corrected  by  tlie  cliosen  lenses  and  proper 
attention  has  been  given  to  the  general  health,  it  is  probably  best,  if 
po^.^ib1e,  to  ndd  a  correcting  prism  to  the  currecliou.  If  the  muscle- 
dtfiturhance  bo  more  pronounced,  operative  procedure  may  be  recjuireil. 
There  are  two  ways  of  obtaining  prismatic  action  by  lens-action.  The 
first,  whicli  is  the  easier,  and  often  is  very  cflScacious,  consists  in  so 
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decentring  the  lenses  used  in  correcting  the  refractive  error  and  accom- 
modative &iilt,  that  the  combined  lens-action  shall  be  rendered  suf- 
ficiently prismatic  to  correct  the  muscle-disturbance.  This  is  readily 
accomplished,  as  previously  explained,  by  moving  the  centres  of  the 
correcting  lenses  in  or  out  from  their  ordinary  positions,  either  by 
excentric  grinding,  or,  if  the  disturbance  be  not  very  great,  by  altering 
the  position  of  the  frame.  The  second,  which  is  the  more  difficult  lens 
to  construct,  has  the  chosen  prism  ground  into  the  correction.  Some- 
times, in  high  and  peculiar  cases,  it  may  be  advantageous  to  combine 
the  plana. 

After  having  obtained  the  proper  correction  for  the  ocular  defect,  the 
Burgeon  should  see  that  all  the  conditions  desired  in  the  lens  are  fulfilled. 
A  pair  of  correcting  lenses  should  never  he  allowed  to  be  worn  unless 
the  workmanship  has  been  carefully  verified.  Absolute  rule  should  be 
made  that  every  lens  ordered  must  be  seen,  as  this  will  oflen  save  much 
anxiety,  and  frequently  relieve  the  practitioner  of  an  onus  that  might 
belong  to  the  optician  alone.' 

Even  though  the  surgeon  does  his  own  adjustments,  or,  better,  if  he 
is  able  to  send  the  patient  to  a  first-class  optician,  such  as  is  found  in 
large  cities,  in  whom,  from  constant  experience,  the  utmost  accuracy 
an  be  generally  relied  upon,  yet  he  should  take  the  utmost  precaution 
that  the  mecfaaniun  of  the  fittings  are  looked  at,  and  exercise  the  greatest 
::are  that  they  fulfil  their  purpose.  If  choice  be  ofiered  by  the  patient, 
}trong,  durable  gold  spectacle-framea  of  good  quality  (ten  to  fourteen 
»rat)  for  lenses  which  are  to  be  worn  constantly,  should  always  be  pre- 
ferred. Should  the  lenses  be  desired  for  near-work,  there  is  nothing 
better  than  accurately  made  rigid-stee!  frames,  which  are  either  burnished 
3r  bronzed ;  long,  steady,  straight  temples  being  preferred  for  women 
with  a  profusion  of  hair.  The  fastenings  of  the  mountings  should  be  tight, 
and  the  joints  should  be  smoothly  mobile.  Notice  should  be  taken 
whether  the  bridge  of  the  frame  hugs  the  bridge  and  sides  of  the  nose 
snagly  without  causing  any  decided  pressure ;  and  care  must  be  exercised 
that  the  temples  or  sides  of  the  frame  press  lightly,  evenly,  and  continu- 
ously, as  much  as  poesibte,  throughout  their  entire  length.  The  portions 
from  the  end-piec^  to  the  ears  must  be  as  straight  as  possible,  and  their 
comparative  lengths  should  be  correct.  Care  should  be  taken  that  every 
part  of  the  temples  where  they  curve  around  back  of  the  ears  has  been 
conformed  to  the  irregularities,  as  frequently  patients  complain  of  pain 
in  these  situations  from  badly  fitting  wires. 

The  lens  should  be  smoothly  and  evenly  ground  and  polished,  which 
may  he  determined  by  holding  it  at  an  oblique  angle,  and  noticing 
whether  there  is  unirorm  reflection ;  or,  if  desired,  a  straight,  narrow 
object,  such  as  a  lead-pencil,  can  be  placed  against  the  under  surface, 
whilst  the  lens  is  held  in  this  position,  and  notice  taken  whether  the 
object  appears  wavy,  irregular,  or  crooked. 

I  Tbia  cannot  be  too  atTongly  Impraaaad  upon  the  itudent.  Tbe  aatboT  baa,  time  and  agola, 
been  compelled  to  bare  Btlugi  ramodelled,  lenaee  revened,  and  ■omaUmei  Inverted ;  una  loo 
weak  or  too  itioiiKadJuatmeDta,  etc,  bave  been  made.  TbeexvdMaf  iav»*'nnln  tUidlrec* 
tlon  not  only  conduoea  to  tbe  oomfbrt  of  tbe  p^ent  and  tbe  adw**^  "  '>— tobm^bnt  U 
of  Infinite  nae  to  tbe  idflntlfleoptldanwbo  take*  tbe  trooble  to-*  — -*ork. 

Tbe  sarseao  bad  better  lean  to  do  tbe  work  blnuelf,  Uua  to  *■  ma- 

petent  workman. 
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The  Blreogtlt  of  ihe  lenses  should  be  carefully  gauged,  which,  in 
addition  to  the  rough- an d-rendj  method  of  measuring  the  focal  distance 
neceaaar^  to  give  the  clearest  image  of  a  distatit  object  upon  a  piece  of 
cardboani,  h  eiutily  done  by  tictitnLliLtntion  of  tlie  lenticular  elTect.  by 
superimposing  the  eame  strength  of  theoppnsite  variety  of  lens,  thus  ren- 
dering the  i^urfaces  puriiilel,  and  annihilating  the  action  g(  the  origincil 
lens.  In  addition  to  lliis,  advantage  sbouhl  be  taken  of  the  fact  that  if  a 
spherical  lens  be  alternately  moved  in  opposite  directions  in  the  same 
place,  any  object  seen  through  it  acetus  to  more  either  with  the  direction 
of  movement  given  to  the  lens,  or  contrflry  to  tbnt  direction  ;  the  rule 
being  that  »ll  objects  niuve  against  the  motion  of  the  convex  len^,  Bn<l 
with  i,ht!  inution  of  the  concave  letiR.  T)iis  ia  dependetit  uiwri  die  unh- 
nary  convei*ging  and  diverging  powers  of  tlie  lenses  employed.  There- 
fore, if,  after  placing  tlie  opposite -strength  lena  before  the  one  to  be  deter- 
mined, no  motion  of  any  object — snch  as  a  fine  test-letter  placed  at  about 
five  meters'  distance — is  seen  through  the  two  glasses,  it  can  &irly  l>e 
concluded,  especially  in  the  weaker  and  ordinarily  used  lenses,  ihat  the 
correcting  Ions  is  properly  gauged. 

The  neutralization  of  the  cylinder  lenses  h  done  in  the  same 
mantier,  merely  inking  care  that  the  axis  of  the  lens  to  be  gauged 
and  that  of  the  neutralizer  are  in  exactly  the  same  meridian.  This 
can  best  be  accomplished,  by  a  novice,  by  placing  them  in  a  test- 
frame.  Sphero- cylinders,  or,  in  fact,  any  form  of  lens  combination, 
can  be  rendily  <ietermine«-l  by  lUtise  methods.  In  the«e  experiments,  it 
is  best  to  hold  the  lenses  at  arm's  length.  If  the  lens  be  made  of  crown 
glass,  which  Is  ordinarily  the  eai!G.  recourse  maybe  advantigeoualy  had 
to  8  little  instrument  lately  devised  by  Mr.  Brayton,  by  which,  when  it 
is  in  perfect  order,  not  only  can  the  power  of  any  form  of  spectacle 
lens  be  accurately  measured  to  one-rjuarter  and  even  one-eighth  diopter 
difference,  but  the  iixea  of  cylindrical  lenses  can  be  readily  found. 
Practically,  it  consists  of  three  steel  points,  the  middle  one  of  which, 
being  connected  with  an  index,  can  be  easily  moved  up  and  down  by 
pressure  upon  the  surface  of  the  Ions  that  it  is  Jeitired  to  catimate.  By 
following  certjun  simple  rulcK.  cylindricHt,  spherical,  and  plane  sur&ces 
can  be  quickly  detcrminetl.  If  the  lens  be  periscopic.  the  strength  of 
one  surface  \m  to  be  nubtractcd  fmrn  the  other.  If  it  be  bi-cnnvex  or 
bi-concave,  the  strengths  of  the  two  surfaces  must  be  added.  It  is  also 
of^en  extremely  useful  in  determining  whether  cross-cylinders  have  been 
employed  in  the  construction  of  a  lens  that  has  been  directed  to  be  » 
made. 

Hiiving  found  that  there  aro  no  flaws,  and  that  the  lens  has  been 
pn;perly  g»ug«<l,  it  next  becomes  necessary  to  obtain  what  i!<  known  aS 
\ta  optiosi  centre,  or  the  position  in  the  lens  expressing  its  renresenia- 
tive  refraction.  This  is  readily  and  satisfactorily  done  by  loolcing  nt  a 
long  vertical  line,  such  as  the  edge  of  a  door-jamb,  through  the  lens, 
and  noticing  wheiher  the  portion  seen  through  the  lens,  when  the  line 
of  jamb  is  made  to  fall  through  any  one  of  the  diameters  of  the  lens, 
appears  continuous  with  the  rest  of  the  edge  of  the  jamb,  or  seems  to 
be  moved  to  one  side.  If  it  is  continuous  when  this  is  done  with  a 
spherical  lens,  an  ink-dot  should  be  made  at  each  extremity  of  the  diameter 
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chosen  and  a  fine  line  drawn  from  one  point  to  the  other.  The  same 
procedure  should  be  tried  in  the  meridian  at  right  angles,  by  revolving 
the  lens  In  a  lateral  direction.  The  situation  at  which  the  ink-lines 
cross  each  other  will  give  the  summit  or  the  greatest  depression  of  the 
lens,  through  which,  necessarily,  the  principal  axis  containing  the  optical 
centre  (which  we  are  endeavoring  to  determine)  passes.  If  there  is 
no  deviation,  the  lens  is  probably  properly  centred.  In  doubtful  cases, 
it  is  a  good  plan  to  mark  this  point  with  a  spot  of  ink,  and  then  re-test, 
and  see  if  the  line  of  door-jamb  always  passes  through  the  spot  marked, 
when  other  meridians  are  tried.  If  the  lens  be  of  strong  power,  it  is 
better  to  employ  a  cross  made  of  fine  lines  placed  at  fifteen  to  twenty 
centimeters'  distance.  If  care  be  taken  to  hold  the  face  of  the  lens 
parallel  with  the  face  of  a  square  card  whose  edges  are  of  greater  length 
than  the  width  of  the  lens  in  its  various  meridians,  an  easy  method  to 
attain  the  same  object  can  be  pursued,  by  moving  the  lens  before  the  card 
until  two  of  its  connected  right-angled  edges  appear  continuous  when 
seen  through  the  lens.  When  this  occurs,  the  corner  of  the  card  will  be 
found  to  exactly  coincide  with  the  optical  centre  of  the  lens.  An  ink- 
spot  at  this  point  fixes  the  desired  result. 

For  the  estimation  of  prisms,  the  neutralizing  prism  is  to  be  placed 
exactly  in  the  same  meridian  with  its  base  situated  toward  the  apex  of  the 
prism  to  be  tested.  This  will  throw  the  line  of  the  door-jamb,  which  has 
been  deviated  toward  the  apex  of  the  prism  to  be  tried,  directly  into  the 
combined  centres  of  both  prisms.  This  should  be  done  whilst  rotating 
them  in  every  meridian,  taking  care,  if  the  lens  is  a  compound  one,  such 
as  a  spherical,  a  cylinder,  and  a  prism,  first  to  neutralize  the  cylinders. 
Another  striking  and  plainly  manifest  deviated  appearance  of  a  vertical 
line  can  be  produced  by  a  single  prism,  by  gazing  at  a  right-angled  cross 
through  the  prism  in  such  a  manner  that  the  arms  of  the  cross  coincide 
with  tne  apex  of  the  prism.  If  the  vertical  stroke  of  the  cross  appears 
coQtiouons  and  the  entire  figure  seems  perfect,  the  centre  of  the  cross 
will  give  the  summit  or  representative  portion  of  the  prism's  apex ;  t.  e., 
the  angle  of  the  representative  strength. 

Advantage  may  also  be  iaken  of  the  fusion  of  the  doable  lines  of 
reflection  to  determine  the  axis  of  a  prism.  To  do  this,  the  observer 
simply  looks  at  some  reflected  line  (preferably  a  window-bar)  that  is  situ- 
ated behind  him.  Should  the  lens  be  cylindrical  in  its  action,  the  object 
will  be  to  obtain  its  line  of  representative  action,  which,  as  we  have 
already  learned,  is  at  right  angles  to  its  axis.  The  examiner  is  to  hold 
the  line  of  supposed  axis  of  the  cylinder  in  such  a  manner  as  to  corre- 
spond with  the  line  of  the  jamb.  Now,  by  slightly  moving  the  lens  in 
a  lateral  manner  on  each  side  of  the  supposed  vertical  line,  he  will  find 
that  the  line  of  the  door-jamb  will  be  continuoas  and  clear  when  it 
coincides  with  the  axis  of  the  lens.  By  drawing  an  ink-line  through 
this  part  of  the  lens,  he  will  thus  locate  the  position  of  the  axis. 
Changing  the  position  of  the  lens  so  that  the  ink-line  shall  be  at  right 
angles  to  the  line  of  the  door-jamb,  and  pursuing  the  same  course,  he 
will  be  able  to  fix  the  point  where  the  portion  of  the  line  of  the  jamb, 
as  it  passes  conUnnonsly  through  the  second  line,  cuts  the  axis  of  the  lens. 
The  new  line,  which  is  dimmer  than  the  axis-line,  represents  the  f  osi- 
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tion  of  the  meridian  of  greatest  refraction  :  it  gives  the  lineanrl  angle  of ' 
the  representative  Rtrongtli  of  iheleus.  Couibiimtioiisof  Rphcro-cvlinders  ' 
areprove<i  in  the  same  nianncr,  care  being  tnlccn  to  luild  the  cylinder  sur- 
faces ami  (he  spherical  surfaceM  respectively  tt'gether  while  testing.      If 
it  be  merely  refjuircd  to  deterriiine  the  degree  of  the  opening  or  refract  - 
ing  angle  of  the  prism,  the  angular  separation  rendered  neoesaary  for' 
the  legs  of  a  pair  of  dividing  compaases  or  calipers,  measured  on  an 
ordinary  innthetnatical  pratrnctor,  will  be  suHicient.   Should  it  be  deeired 
to  register  the  amount  of  work  done  by  the  priam,  actnal  meaaaremenf 
of  the  amounL  of  deviation  toward  the  apex  of  the  prism  can  be  made 
bj  ft  scale  of  graduated  priHtn  diopters  or  centruds  intended  for  delinita 
distances. 

It  vill  next  be  nei>essary  to  determine  whether  the  optical  centres, 
come  directly  opposite  tlie  pupillary  centres  or  at  any  other  ddsired 
points,  when  the  lensca  are  placed  in  position  before  the  patient's  eyes. 
For  the  determination  of  those  points  in  distance-glaases,  an  ordinary 
millimeter  ineaaure  is  to  be  takeci  aud  estimates  made  (genemlly  adding 
about  one  or  two  millimeters  to  the  result),  whether  the  intra-pupillary 
distance  is  correct,  the  surgwn  gauging  this  from  the  centre  of  each 
pupil  vfhilHt  he  holds  the  mettsiire  at  arm 's  length,  or,  better,  by  studying 
the  distance  from  each  pupillary  centre  to  the  summit  of  the  na.oal 
bridge  of  the  patient  while  the  latter  is  looking  at  a  distance.  If  greater 
accuracy  bo  deaired,  one  of  the  many  forms  of  pupilonieter  may  be 
employed,  each  rcfjuiring  some  peculiarity  of  techniqoc  to  obtain  proper 
readings.  Having  bad  the  optical  centres  of  the  lenses  marked,  the 
distance  between  the  spots  is  to  be  measured,  and  then,  having  the 
patient  fix  upon  some  fine  test-dot  or  letter,  situated  at  the  previoU'^ly 
choeeii  flistance  and  position  for  near<wortt,  the  distance  between  the 
two  pupils  when  ihe  eyes  arc  adjusted  for  this  point  is  to  be  measured, 
and  notice  taken  if  it  agrees  with  the  optical  centres  of  the  lenses.  If 
it  docs,  the  lenses  have  been  properly  separated  for  such  near-work. 
When  decentring  is  desired,  tlie  satne  procedures  hold  goo«i,  except 
time  tlie  proposed  amount  of  excentric  pUcing  must  be  taken  into 
account. 

The  next  thing  to  do,  is  to  see  if  the  lenses  are  situated  upon  their 
proper  levcls.and  whether  they  are  placed  loo  near  or  too  far  from  the  eyes. 
To  do  this  readily,  a  :flat  nile  should  be  laid  broadside  against  the  anterior 
face  of  the  lenses  and  measurements  taken  for  any  desired  distance  be- 
Iween  the  summits  of  the  comcse  anct  the  posterior  faces  of  the  lenses. 
Paring  this  examination,  notice  must  be  taken  if  the  lashes  have  free 
movement  without  scraping  against  the  lenses.  Surety  must  be  made, 
either  personally  by  proper  bending  with  fine  pliers,  or  by  the  aid  of  an 
optician,  that  the  lenses  are  made  with  sufficient  inclination,  and  that 
their  planes  arc  situated  as  nearly  rs  possible  at  right  angles  to  the  axis 
of  vision — this  generally  requiring  a  downward  and  inward  dip  of  alM>ut 
fidoen  degrees  u>  be  given  to  lenses  used  for  near-work.  If  these  meas- 
urements must  be  made  by  the  surgeon  himself,  nothing  tnore  than  a 
very  broad  millimeter  measure  is  necessary ;  tlie  results  becoming 
surer  and  easier  by  continued  practice. 

To  meet  the  requirements  of  the  almost  innumerable  shapes  of  the 
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nml  bridge,  numerous  so-called  ^*  noMe-pieeet"  have  been  constructctl, 

nch  adapted  to  some  peculiarity  of  formation.     To  ndjust  such  a  iioee- 

pim  or  bridge  no  that  it  may  be  comfortable  and  incMnH|iicuou8,  and 

thtt  it  may  fulfil  nil  tbf!  necera&rj  requiremenbi,  the  ingrniiity  of  tho 

Opticisn  IS  often   taxed  to  the  utmost.     One  of  the  best  plans  for 

wcsTing  the  shape  of  the  nasal   bridge  that  may  be  oS'ered  to  the 

mr^eon  who  does  not  pretend  to  do  nis  own  fitting,  and  where  the 

patient  is  not  under  the  immediate  control  of  a  first-clnse  optician,  has 

been  the  ailapting  of  a  small  pioee  of  mulloahle  lead  wire  over  tho 

cane  at  the  point  where  the  iiose-piece  would  naturally  i'M   to  rest, 

and   ilien  making  a  drawing,  as  it  were,  of  nil  the  irreguIariiifH  by 

prpasing  the  leaden  mouhl  upon  a  slip  of  paper  and  sketching  in  the 

aetaiU,  or,  better,  sending  the  sample  wire  itself  to  the  optician.     A 

^irly  gowl  working  moilel  is  thus  secured,  which  can  be  used  for 

measiirement. 

A  good  method  for  comparing  the  distance  between  the  true  centres 
of  the  lens  with  tho  distance  bstween  the  opticnl  centre-s,  after  having 
obtained,  the  widths  of  separation  of  the  optical  centres  and  marktHl 
*^«m,  is  to  measure  the  width  of  one  lens  and  the  wi<lth  of  the  nose- 
Piecc  combined :  this  will  give  the  distance  between  the  true  centres, 
*>"hich  may  be  readily  compared  with  the  distance  between  the  optical 
*^atre8. 

The  existence  of  ametropia  and  accommodative  lault  having  been 
^refuUy  determined  and  correcteil  properly,  there  remain  but  a  few 
^rords  of  ttdvice  beyond  those  just  given,  "fhe  student  should  always, 
«"  poesible,  especially  if  there  be  astigmatism  or  muscle-en-or,  have  the 
pitient  wear  a  carefnlly  fitted  spectacle- ftiime  in  preference  to  an  eye- 
glass frame,  so  that  tiny  error  or  cliuiige  of  position  from  constantly 
repeated  adjustment  or  weakening  and  stretching  of  the  connecting 
^_  spring  may  be  avoided.  If,  a^  happens  in  many  cases,  the  patient  will 
^Bnot  wear  tiie  spectacle- frames,  the  surgeon  should  see  not  only  that  the 
^VbesC,  the  most  secure,  and  the  most  skilfiilly-made  pattern  of  oye-glass 
^f  frame  is  employed,  but  also  that  the  mountings  are  fre<|uently  inspected 
by  some  competent  optician.  The  pntient  should  regularly  visit  the 
optician  to  have  the  fittings  accurately  readjusteii,  in  order  that  it  may 
he  certain  that  the  correction  is  properly  iitaccd  before  the  patient's 
eyes:  this  is  cspecifttly  necessary  with  children's  corrections  and  with 
lenses  for  near-work.  Moreover,  the  patient  should  show  the  surgeon 
e^'ery  new  leuit  obtained,  so  that  there  may  be  a  certainty  that  he  is 
wearing  the  intended  correction.  The  patient  .shoahl  ho  taught  in  a 
few  words  how  to  care  for  the  spectacles  or  eye-glasses,  how  to  remove 
anf]  replace  them  (preferably  with  both  hands)  without  straining  the 
mountings,  and  how  to  cleanse  them  with  a  weak  solution  of  ammonia 
water  gently  rubbed  on  wiih  an  old,  snh.  clom  hiindkcrchief.'  Further, 
a  role  should  be  made  that  the  patient  shall  return  every  year,  or  at 
other  stated  intervals,  so  that  watch  may  be  kept  over  the  progress  of 
his  c«ac:  tliis  is  particularly  necessary  in  cases  of  used,  irritated  eyes, 
Mpecially  in  tHb  myopic  eyes  of  young  and  growing  cbildren. 

'  When  ecmenteil  li[-Ibc*Li>rciti<nl.  plKln  wktor  U  the  heat. 
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The  student  must  always  bear  m  mind  that  his  success  U  in  hU  ana 
hands.  As  he  has  just  been  told,  no  inflexible  rules  of  govennoeQl 
can  be  laid  down.  Each  caae  has  its  own  aeries  of  peculiariiiea,  irnl 
each  peculiarity  haa  its  prototype  in  Botne  p&at  case.  The  graspicg  ef 
one  set  of  symptoina  embraces  ihe  comprehension  of  many  other  seii. 
He  should  study  each  individual  grouping  ib  itd  entirety,  and  he  will 
soon  find  himself  botii  apt  and  eSicietit  in  obtaining  what  others  hive 
Bought  for  in  vain. 
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CHAPTER    XI. 


lyjURIES  OF  THE  ORBITS,  EYES.  AND  EYELTDS. 

Tub  firm,  bonj  mftrgiiu  of  the  orbits  are  aflmimblj  adapted  to 
protect  the  eyes  from  blows.  Their  tliin  walls,  however.  reticU-r  it  pos- 
sible for  new  growths  from  adjoining  cavities  to  reiidtly  penetraio  iliem, 
Mid  afford  foreign  bodies  ready  access  to  the  etlitnoiilal  cells,  antrum, 
*iiti  cmnin]  cuvity.  Wtmnils,  of  the  orbital  roof  are  always  dangerous. 
•od  may  be  followed  hv  intra-cranial  hemorrh^e,  meningitis,  or  abscess 
of  the  braiu.     AVbere  there  is  a  fracture  of  the  roof  of  the  orbit,  there 

ii>*y  ut  first  be  no  symptoinH,  but  thero  is  often  a  settling  of  blood. 

which,  by  spreading  between   tlie  periosteum  and   the  bono,  follows 

I'lowQ  the  larso-orbital  fascia,  and  may  first  show  itself  in  the  lids  and 
^ider  the  bulbar  conjunctiva  a  day  or  two  after  the  injury.  By  rea.son 
of  commuttication  with  the  naaal  cavities,  fractures  of  the  ethmoid 
plate  or  frontal  sinus  generally  give  rise  to  emphysema,  and  an  attempt 
to  blow  the  nose  may  so  swell  the  eyelids  ai)  to  cause  them  to  close 
over  the  eye.  A  pressure- bandage  generally  diminishes  this  emphysema, 
UoA  under  its  influence,  combined  with  rest  and  abstinence  from  all 
ttfempts  at  forcible  expiration,  the  fissure  usually  soon  heals  tightly 
enough  to  prevent  the  further  entrance  of  air  into  the  orbital  tissues. 
Large  foreign  bodies  may  be  driven  into  the  orbit,  and  whilst  lying 
Iwtvreen  its  walls  ami  the  eyeball,  or  entering  partly  into  the  antrum 
or  the  nasal  sinuHca,  may  escape  detection.  Many  curious  cases  of 
this  aort  could  be  recorded.  Carter  cites  an  instance  where  a  patient, 
in  going  down  stairs,  fell  ami  struck  against  an  iron  hat-peg  Hcciired 

Bto  the  wall,  breaking  it  off  from  its  base.  It  had  cntereil  on  the  na-sal 
■ide  of  the  right  eye,  and  probably  had  perforated  the  antrum  of  the 
opposite  side.  Several  days  afterward  it  was  removed.  It  measured 
ihree  and  a  half  inches  in  length  and  weighed  twenty-five  scruples. 
NOlaton  removed  tin-  ivury  handle  of  an  umbrcllii,  four  centimeter 
long  by  one  and  a  half  centimeters  thick,  from  the  orbit  of  a  man, 
where  it  had  tain  for  three  years,  and  where  it  had  caused  a  button 
of  granulation  near  the  inner  angle  of  the  patpebml  ftHi^ure.  In. 
this  case,  there  were  mydriasis  and  diniioislied  inward  mobility  of 
the  globe.  The  author  once  removed  n  large  piece  of  iron  from  the 
inner  and  lower  part  of  the  orbit,  which  had  rcmainetl  unnoticed  for 
8«veraldaTS.    All  these  cases  recovered  withgoud  eyesight.   An  instance 

body  into  the  nasal  cavities  thniugh  the 

.\  piece  of  pipe-stem  wa.s  driven  through 

the  tower  lid  into  the  orbit.    The  eye,  which  was  luxated  upward,  was 


of  penetration  of  a  foreign 
orbit  is  recorded  by  White.' 
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replaced,  with  the  effect  of  restoration  of  vision.  The  patient 
rienced  no  further  trouble,  except  a  smell  as  if  tobacco  were  in  tW 
no3e,  until  two  yeare  later,  when,  during  a  paroxysm  of  coughing,  l* 
expelled  u  piece  of  pipe-isteui  two  incliefl  lung  from  bis  moulb,  follontJ 
two  weeke  later  by  nnoiber  piece  an  inch  long.  After  ihia,  tlie  pniisii 
entirely  recovei-eii. 

Usually,  however,  foreign  bodies  in  the  orbit  cause  suppuration  toi 
abscess,  with  bulging  of  the  eye  and  swelling  of  the  eyelids  and  d« 
surrounding  skin  of  the  face— syraptoms  which  often  subeide  upun 
evacuation  of  the  abscess  and  removal  of  the  foreign  body.  Frequency, 
eyesight  ia  impaired  or  is  destroyed  At  times,  life  may  be  saerifiou. 
aa  is  shown  in  the  following  cartes  recorded  by  Jaeger  and  PagenatecheT.' 
An  instance  of  the  former  result  is  shown  in  the  first,  where  a  pifiwaf 
tobacco-pipe,  one  inch  long  and  four  lines  thick,  which  had  been  driven 
into  the  orbit,  was  removed  after  a  year's  time.  During  this  inicrTil 
it  bad  cuused  orbital  abscess  and  suppuration  of  tbe  eyeball,  «ii1t 
partial  destruction  of  the  coruea.  Iti  the  second  instance,  which  wtf 
followed  by  death,  a  knitting-needle  was  broken  off  within  the  oAiu 
After  various  attacks  of  i»ubacute  intlammation,  there  was  presented.  i( 
ii  date  seventeen  yean*  after  the  injury,  an  inflamed  and  dhnmka 
globe,  turned  in  toward  the  nose,  and  causing  sympathetic  Irrilanon 
of  the  felloweye.  Enucleation  was  attempted,  but,  owing  to  sme 
hard  substance  which  projected  into  the  eye  from  the  roof  of  the  orftit. 
it  was  fuuud  impossible  to  remove  the  entire  ball.  On  subsequcat 
examination  it  was  determined  to  remove  this  substance,  and  a  (ng- 
ment  of  rusty  knitting-needle.,  one  centimeter  tn  length,  was  withdnn. 
This  operation  was  followed  by  nausea,  vomiting,  and  fever.  The 
patient  recovered  and  left  the  hospital.  Two  months  later  there  m 
a  return  of  the  cerebral  symptoms,  accompanied  by  desfnese  wi 
dilated  pupils.  Sopor  and  death  soon  followed.  The  autopsy  showttl 
two  abscwwes.  one  on  the  left  side  of  the  medulla  oblongata,  and  ibe 
other  on  tlm  puns  Vnndii,  between  the  arachnoid  and  t!ie  pia  mat«r. 

Contusions  of  the  orbit  may  be  followed  only  by  ecchymosis  of  ih? 
lids.     At   other   times,  inflammation  of  the   orbital  fat  and  ccllujir 
tissue  may  appear;  again,  inHammation  of  the  periosteum  may  occur. 
In  the  second  of  these  conditions,  an  abscess,  with  severe  pain  »n'l 
considerable  swelling  and  oxophtlinlmos,  is  apt  to  form  rapidly.    In 
the  last,  the  Rymptoms  develop  more  slowly.     Blows  upon  the  margia 
of  the  orbit,  which  apparently  cauNe  but  little  injury,  are  someCiBM 
followed  by  blindness.     This  was  formerly  attributed  to  reflex  adioa 
through  the  tifth  nerve,  biit  it  is  probable  that  in  most  instance*,  ili* 
due  to  a  fracture  of  the  roof  of  the  orbit,  involving  the  optic  fora- 
men.    Such  a  fracture  may  cause  blindness  by  direct  injury  to  tb« 
optic  nerve,  by  interstitial  inflammatory  proceaaes  set  up  in  it,  or  by 
hemorrbiige  into  im  »healh.     Fractures  of  tlie  base  of  the  skull  fre- 
quently involve  tbe  roof  of  tbe  orbit,  by  extension  forward.     AVbert 
fractures  of  the  roof  are  aocomnanied  by  sufficient  hemorrhage  into  tl* 
orbital  tissues  to  cause  exophthalmos,  the  prognosis  is  most  uafaroT' 
able. 
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Tlie  eyelids  and  eyelaahea,  which  form  mobile  protecting  coverings 

f'or  tk'  eyes,  are  exquisitely  aensitivPj  and  urc  endowed  with  highTv 

•ifTc/opcd  reflex  action.     Their  sudden  closure  i*  accamimnied  by  the 

iTtchronoQs  und  reflex  rolling  up  of  the  ^fycball,  so  ihut  «hcii  a  blow 

ttiiiBed  ftt  the  eye,  this  reflex  action  is  so  prompt  thjit  ii  penetrating 

'tib  of  the  upper  lid  will  souieliniet;  enter  the  eyebnll  below  the  cornea. 

0»ing,  however,  to  tlie  absence  of  the  third  eyelid,  the  eye  of  man  is  much 

fes protected  from  injury  nnd  the  entrance  of  foreign  bodies  than  that  of 

woe  of  the  lower  animals.     As  previoualy  explained,  the  eyelashes  are 

Wrved  outward,  so  that  when  the  lids  are  partly  approximated,  and  while 

wai-efttill  able  to  see,  they  form  asereeuor  veil  by  touching  one  aiiutlier 

^th    iheir  convex  surface^i,  thus  serving  tn  keep  duat  and  other  foreign 

Iwtiiea  out  of  the  eye.     When,  in  epiie  of  these  guard*,  a  cinder,  aali, 

ntotler  suhetance  enters  the  conjunctivnl  sue,  the  eye  waters,  the  lids 

dose,  and  tliere  is  »  sharp  pain.    If  the  foreign  body  is  rough,  or  if  it  is 

w  *n»y  considerable  sixe,  these  symptoms  persist  until  the  substance  i* 

**"er  washed  away  by  the  tears  or  is  otherwise  removed.  Home  bodies, 

Wwever^  especiaJIy  when  they  lodge  in  the  rctrotflraal  folds,  where  the 

conjunctiva  is  less  sensitive,  uiay  remain  for  a  lung  time,  and  give  rise 

10  symptoms  of  chronic  conjunctivitis.     Pieces  of  the  beard  of  wlieui 

uid  oets  often  lodge  in  such  a  position,  and,  becoming  semi-tranaparent 

by  maceration,  and  clinging  tightly  to  the  conjunctiva,  require  careful 

enmination  for  detection.     Cinders,  an<l  foreign  bodies  of  like  nature, 

can  be  readily  removed  bv  everting  the  lids  and  gently  wiping  off  the 

ibfeign  body  with  a  wet  nandkerchiefj  the  foreign  substance  becoming 

eotaogled  in  the  me«bes  of  the  fabric.    A  small  wisp  of  absorbent  cotton 

tim  makes  an  efficient  instrument. 

Tvj.  W. 
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SpQd  for  llie  reitt'^Tnl  at  (orrlEn  bolic<^  imia  tne  comoA. 

When  a  small  foreign  body  lodges  in  the  coraett,  the  eye  not  only 
waters,  becomes  painful,  and  h  sensitive  to  light,  but  a  pericnmeal  in- 
jection siiun  develops,  which  is  usually  most  marked  on  the  side  that  is 
nearest  to  the  point  of  injury.  To  sec  such  an  object,  the  patient  should 
be  seated  in  front  of  a  window,  and  the  sound  eye  should  be  closed  with 
a  handkeiThief.  The  patient  should  then  bo  made  to  gaze  at  the 
movements  of  the  surgeon's  finger,  as  it  is  moved  from  one  side  to  the 
other,  or  up  and  down,  Uy  this  means  an  image  of  the  window-bars 
may  be  successively  reflected  from  all  parts  of  the  aurfivco  of  tlie  corneti, 
so  that  the  slightest  iibrasion  of  the  epithelium,  or  the  presence  of  any 
minute  body,  will  becomo  ensily  visible,  fr^peoially  is  this  so,  if  the 
examiner  looks  through  a  magnifying-glass.  If  the  operator  fails  to  see 
the  ine^pmlityof  the  surface,  or  tlii;  fureigu  substance,  bv  these  methods, 
he  fthouhl  examine  the   comeH.  wiili  a    magnifying-glass    behind  the 

hthalmoscope,  when  the  depreiwion  of  the  minute  particle  will  appeor 
AS  a  dark  spot  on  n  yellow-red  ground,  if  5till  in  doubt,  he  may  resort 
to  oblirjue  illumination.     When  the  foreign  borly  hnu  been  located,  a 
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fev  tninimii  of  a  two  per  cent,  solution  of  cocffline  murikte  should  be 
dropped  into  the  conjunctival  sue.  This  <]one,  a  cat&r&ct-D««d]«')Ti 
apud  of  the  varieti,'  shown  in  Fig.  ISl.shouKI  be  gently  inserted  tiiia 
the  foreign  body,  so  tbat  the  body  can  be  lifted  out  of  its  bed.  The 
huDd  of  an  u^istAni  or  ibe  disengaged  hand  of  liie  surgeon  should  bt 
employed  to  lift  the  upper  lid. 

The  oye  should  be  nasliod  with  either  a  saturated  solution  d  botic 
acid  or  with  ii  wenk  Holiiticm  of  bicliloridv  of  niercurv-  Itfiliouldbediwd 
with  a  (^lean  piece  of  linen  t}iat  1im.s  been  covererf  by  a  slight  comprei 
of  cotton  held  in  place  by  a  bandage.  Under  this  pliin  the  epithelioa 
will  usually  be  regenerated  in  n  few  hours,  and  the  eye  irill  beoooK 
ijuiet  and  comfortable,  needing  no  further  treatment.  If,  however,  a 
considerable  time  baa  clupaed  afkcr  the  accident,  or  if  the  eye  has  bwo 
previously  irritated  by  rough  or  nnsucceuful  attempia  at  reoiOTal  of 
the  foreign  boiK.  coueideralde  ciliary  injection  will  remain,  persiettu 
sometimes  evpn  after  the  reproduction  of  the  epithelium.  In  Mdi 
cases,  a  solution  of  homatropine  should  be  tustitted,  and  the  p«p3 
should  be  kept  dilated  for  several  days,  till  the  eye  has  become  ithise 
and  r]uiet.  The  bandage  should  always  be  rcniuvod  as  soon  M  (he 
epithetium  bus  been  reproduced,  and  the  eyB-shouId  be  protected  frm 
irritants,  by  a  dark  glass.  The  cure  will  be  much  facilitated  bj  lot- 
lidding  the  use  ol'  thu  fellow-eye  for  all  near-work. 

Afira«hn»  of  the  ciymea  are  injuriea  generally  caused  by  some  foreigB 
body  being  roughly  brushed  acrow  the  eye.  One  of  the  most  frequai 
cnuses  is  a  scrape  from  the  nail  of  an  infant.  The  pain  is  often  sertn. 
It  sliould  be  stilled  by  cocaine.  The  eye  should  be  kept  closed  till  ibe 
epithelium  is  reproduced.  In  the  elderly  and  debilitated,  abraaioiuof 
the  cornea  arc  often  followed  by  aerious  results,  such  as  creeping  uleen- 
or  hypopyon-keratitis.  These  conditions  are  especially  apt  to  oaai' 
where  there  is  pre-existing  catarrh  of  the  lacrynial  sac. 

Blowt  iind  contusions  often  cause  effusion  of  blood  into  the  subcna- 
neous  tissue  of  the  lids  and  bulbar  conjunctiva.     These  ecchTmoflM  m 

frequcntlv  a  cause  of  disfif^renetii. 
not  only  from  the  swelling,  but  iIm 
from  the  dittcoloratioD  uf  the  tkin- 
which  appears  black  and  of  raridui 
flmdes  of  green  and  yellow.  A*  ■ 
rule,  they  disappear  sponiaueoa^T. 
Tb«r  absorption  may  W  matwiallj 
hiLsctened  by  hot  compreiBes  applied  it 
half>miDUte  intervals,  for  thirtv  mimttR 
at  a  time,  three  or  four  times  daily. 

Hemorrliagee  into  the  anterior 
chamber,  as  shown  in  Fig.  182,  W 
usually  caused  by  rupture  of  the 
of  the  iris  or  ciliary  processes. 
young  and  heaUliy  subjects  they  are  often  readily  absorbcfl,  and  swti 
a  chamber  filled  with  blood  may,  within  twenty-four  hours,  resume  its 
normal  apearance.  A  guarde<l  prognosis  abould,  however,  always  be 
given,  as  these  injuries  are  often  accompanied  by  similar  ruptures  o' 
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bloodvessels  in  the  retina  and  chorioid,  Tvhich  may  permanentlj  impair 
iJie  functions  of  the  eye.  When  these  extrarasations  happen  to  be  in 
the  macular  region,  a  central  scotoma  may  remain  throughout  life. 
Effosions  of  blood  into  the  vitreous  humor  are  apt  to  leave  remnants 
which  cause  Soating  muscie.  Where  the  vitreous  is  filled  with  blood, 
Jie  eye  almost  invariably  shrinks  and  becomes  sightless. 

Exophthalmos,  or  protrusion  of  the  eyeball,  may  be  due  to  any  cause 
nrhich  increases  the  volume  of  the  orbital  contents,  (Edema  of  the  fat- 
tissue  of  the  orbit  in  exophthalmic  goitre ;  infiammation  of  the  orbital 
intents  in  periostitis,  cellulitis,  or  panophthalmitis ;  distention  of  the 
jrbital  bloodvessels;  and  new  growths,  are  among  the  more  common. 

MtophthalmoSf  or  the  condition  in  which  the  eyeball  sinks  back 
into  the  orbit,  and  which  is  usually  accompanied  by  a  diminution 
in  the  size  of  the  fissure  of  the  lids,  is  produced  when  cellulitis  in- 
duced by  any  of  these  processes  is  chronic,  of  low-grade  type,  and  is 
accompanited  by  an  absorption  of  the  orbital  fat. 

Dislocations  of  the  eyeball.  After  severe  injuries  and  blows,  the 
eyeball  is  sometimes  forced  forward,  while  the  eyelids  close  spasmodi- 
cally behind  it  and  prevent  its  return.  At  times  the  eye  is  forced  out 
of  its  socket  by  the  insertion  of  the  thumb  into  the  orbit.  Even  a 
alight  cause,  such  as  straining  when  the  upper  lid  is  everted,  may 
be  sufficient  to  dislocate  the  eyeball  in  protuberant  eyes.  The  optic 
nerve  is  thus  put  on  the  stretch,  causing  the  patient  to  complain  of  dis- 
tressing flashes  of  light.  If  the  recti  muscles  have  not  been  ruptured, 
&nd  if  there  has  been  no  hemorrhage  into  the  capsule  of  Tenon,  separa- 
tion of  the  lids,  with  gentle  pressure  on  the  eyeball,  will  effect  reduction. 
If  we  fail  to  replace  the  globe  in  this  manner,  division  of  the  external 
canthns  will  loosen  the  lids,  and  enable  us  to  bring  them  forward  over 
the  eyeball.  If  the  stretching  of  the  optic  nerve  has  not  been  too 
severe,  and  if  there  has  been  no  rupture  of  the  eyeball  nor  intra-ocular 
hemorrhage,  good  eyesight  may  be  recovered. 

Tearing  out  of  the  eyeball  may  occur  so  as  to  completely  separate  it 
from  its  attachments  and  remove  it  from  its  socket.  This  may  be 
efl'ected  by  accident,  as  in  the  case  related  by  Voerhaege,'  where  a 
drunken  fisherman  lost  his  balance  in  undressing,  and  fell  against  his 
bedroom  door,  so  that  a  key,  standing  in  the  lock,  divided  the  upper  lid 
by  a  vertical  wound.  The  key,  acting  as  a  curette,  tore  the  eyeball  so 
completely  from  its  attachment,  that  the  organ  rolled  upon  the  floor. 

Injuries  of  the  eyes  by  lightning  are  not  infrequent.  In  instances 
of  lightning-stroke  where  the  patients  have  survived,  Leber*  has  col- 
lected eighteen  such  cases.  The  injuries  were  exceedingly  various  in 
character.  In  nine,  there  was  cataract.  He  also  mentions  ptosis,  cor- 
neal haze,  hemorrhages  into  the  retina,  and  rupture  of  the  chorioid,  as 
some  of  the  symptoms  that  were  encountered.  Silex'  relates  the  case 
of  a  child  who  lay  senseless  for  five  hours,  without  other  apparent 
injury  than  cloudiness  of  the  cornea  and  of  the  lens.  Eleven  months 
later,  the  haziness  of  the  media  had  partly  disappeared. 

>  Annftlec  d'OanllMfqMi  UB* 

■  Aicb.  r.  OphtlMlind.,  "^ 

■  AicblT  L  AnfcnlHU?- 


286     I2IJDRIK8    OF    THB    ORBITS,  SYfiS,  AND    STXLIDS. 


Disfocatwm  of  the  Ufut  arc  ofttn  caused  Iiy  severtr  blows  on  tlie  ey* 
whicli  rupture  the  suapeiisory  ligauiont.  Thu  piipilliiry  margin  of  tiio 
iris,  ikprived  of  ils  nnrm»l  support,  wnbblcs  with  each  uiouon  of  the 
eye.  If,  as  is  usualtr  the  case,  a  part  of  llie  lenv  still  rcmaiiuf  opposite  the 

fupil,  assliown  in  Fig.  183,  very  great  ilisturbanceof  vision  is  produced. 
leleased  from  pressure  of  its  suspensory  )is«ment,  the  lens  swells  and 
becomes  too  convex.  The  rays  of  light  passing  through  it  are  fociissed 
before  reaching  the  retina,  making  thia  portion  of  tlie  eye  myopie, 
while  those  passing  through  the  remaining  part  of  the  pupil,  ar«  not 
fociisscd  when  thoy  reach  the  ri-tina,  and  cnnseijuently  the  eye,  in  thia 
position,  is  hypermetropic.  The  lens  usually  assumes  an  obIir{De  posi- 
tion, causing  astigmatism.  When  the  cap.sule  is  tern,  tlie  aqaeous 
humor  is  atlmitteil  to  the  lens-substniice,  causing  the  lens  to  swell  and  to 
b«come  opaque.  In  such  instances,  the  rent  is  usually  8ituat«d  near  the 
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equator,  or  is  close  to  it  on  the  posterior  capsule.  If  the  swelling  of  the 
lens  be  not  so  great  as  to  cause  decided  increase  ofintra-ocular  tension, 
or  if  pressure  on  the  iris  be  not  stifficient  to  cause  inflammation  of  that 
organ,  the  traumatic  cataract  thus  produced  may  be  entirely  absorbed, 
and  leave  the  pupillary  space  clear.  Most  frequently,  howeror,  it 
leaves  sufficient  opacity  to  call  for  operative  interference. 

Iridodialifaia  is  a  tearing  loose  of  the  iris  from  Its  altuchmem  to  the 
ciliary  body,  and  is  not  infre(|ucntly  the  result  of  severe  blows  on  the 
eye.  At  times  it  is  associated  with  dislocation  of  the  lens  or  with  niptare 
of  the  oyohall.  TJiis  is  shown  in  Fig.  1H4,  where  the  condition  is 
iissociatcil  with  tmurnntic  cataract,  the  accident  having  been  profluced 
from  a  blow  by  a  stick. 

Burns  of  the  t-t/elifis  ami  etfebalU  are  very  frequent  and  serious 
injuries.  In  those  caused  by  hot  water,  by  splashes  of  molten  metal, 
by  the  stronger  mineral  acids,  or  by  caustic  alkalies,  the  cffeclH  are 
usually  so  instantaneous  and  intense,  that  all  attempts  to  limit  the  imme- 
diate destruction  of  tissue  are  usetess,  and  we  can  treat  only  the  results. 
When  $uch  agcntA  strike  tlie  cornea  and  (.*onjuni*liva,  thev  cause  a 
dense  whitish  slough.  Where  the  action  is  supefficisil,  the  epithelium 
ja  thrown  off;   regeneration  taking  place  from  the  corncnl  edges.     Fig. 
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iSo  ropresenta  a  sloagh  of  the  oornen  after  n  burn,  which  was  caused 
iv  I  splash  of  caustic  ft<Kla.  AUhongli  a  large  permanent  opacity  of 
t£«eoniea  retuatned  ia  this  case,  vet  the  patient  had  a  useful  eve. 
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Where  the  deei>er  layers  of  the  cornea  mortify,  the  eye  is  lost.  In 
nre  infttaiicen,  hiiiuII  jionionn  of  molten  moml  enter  the  conjunctival 
sac,  and  in  cooling,  form  a  mould  of  the  anterior  surface  of  the  eye, 
vrith  wonderfully  little  injury  either  to  tlie  coniea  or  to  the  sclerotic. 
In  such  cnBes,  it  is  aupposed  that  the  eye  is  timved  by  the  non-conduct- 
ing power  of  vapor:  steam  being  formed  and  separating  tlie  hot  metal 
from  the  eyeball.  Long  exposure  to  severe  cold  will  sometimes  cnuae  a 
iloughof  the  cornea  wliichcorres-ponds  in  ex  tent  with  the  fissureof  the  lids. 

Bunirt  from  slaking  lime  leave  very  deuBt-  and  coiilracting  cicatriceM. 
In  such  cages,  the  lids  should  be  everted,  while  olive  oil  or  other  non- 
irritative  fat  is  instilled  to  prevent  the  contact  of  water  from  cauaing 
lurtlier  slaking  of  the  lime.  All  foreigti  particles  should  be  carefully 
removed  from  the  conjunctival  sac  with 
I  spud  or  a  director.  When  no  such 
appliances  are  at  hand,  much  good  may 
b«  effected  by  holding  the  eye  open 
under  a  powerful  alrcani  of  water,  even 
though  inw  favon  the  further  slaking  of 
the  lime.  All  visible  particU-s  should 
be  removed  by  the  end  of  a  miiich-stick 
or  a  handkerchief, 

The  instillation  of  vinegar  is  aho 
recommended,  so  as  to  con^'ert  the  lime 
into  an  acetate.  Severe  burns  of  the 
coi\ianctiva  may  be  cauBcd  by  the  ac- 
cidental contact  or  the  careless  appli-  ihim  of  oonjuncUw.  [Wiirre-coorra-j 
cation  of  some  of  tlie  astringents.    Fig. 

1B6  shows  a  burn  of  the  conjunutiva  produceil  by  nitrate  of  silver. 
When  cicatrization  sets  in,  burns  of  the  skin  of  the  lids  arc  apt  to 
c-uase   ectropion   and  displacement   of    the    lacr^'mal   canaliculi,  with 
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closure  of  tlieir  orificw.  If  toth  the  bulbar  and  the  tarsal  conjunctiva 
are  biimt,  the  graiiulntioiiB  fniin  tlie  opposing  raw  surfaces  unite  wlien 
the  slough  jieparntes,  nni)  produce  n  firm  attachment  of  the  licl»  to  the 
ball,  thus  forniin^  what  is  known  as  a  tymhlfftharon.  When  the  cornea 
has  been  involveij,  a  fo]^]  of  granulating  conjunctiva  may  come  in  con- 
tact with  ihc  abradeii  comcn.  causing  firm  union  with  it,  thus  prodncing 
a  tritumatie  ptcriKi'ium.  The  limitatiou  of  the  mutions  of  the  evebail 
thus  canacd  by  the  adhesion  between  tlio  eyeball  and  the  lids,  is  a 
countant  source  of  irritatiou,  and  the  patfent  Ruflers  from  constantly 
recurring  inflammation  »f  the  eyeball,  with  more  or  less  corneal  ban- 
and  marked  conjunctivitis.  All  attempt**  to  prevent  nnion  of  the  two 
sur&ces  by  looisening  the  adhesion,  or  by  the  interposition  of  metal 
shields,  are  useless.  The  shields  arc  gradually  forced  out  from  the 
bottom  of  the  retioUirbal  fold,  by  contraction  and  cicatrization. 

In  the  trratniont  of  hurna,  the  eye  should  be  kept  clc»n  by  washini^it 
with  a  weak  bichloride  solution.  This  should  be  followed  by  free  institla- 
tion  of  boric  acid.  All  shvedsof  necrosed  tie#ue  should  he  removed  as 
they  loosen.  KeralitiB  and  iritis  call  fur  the  employment  of  atropine,  whib- 
pain  is  combated  by  the  frequent  nse  of  a  solution  of  boric  acid  and  cocaine. 
In  the  interval,  tbe  eye  sliould  be  kept  closed  and  corered  with  a  soft 
rag  that  has  been  either  saturated  with  carron  oil  or  coated  with  iodoform 
ointuieul.  When  cicatrization  is  complete,  an  attempt  ui»v  be  made  to 
divide  the  adhesions  between  the  lids  and  the  eyeball.  Tliey  fihould  be 
dissected  from  the  cornea  and  sclera,  and  then,  after  the  manner  of  Aril, 
prevented  from  readhering  by  turning  the  outer  or  epitltelium-covered 
surface  of  the  dissected  tiuHue  toward  the  raw  surlace  left  on  the  eyehull. 
The  raw  bulbar  surface  should  be  diminished  in  extent  a«  much  u 
possible  by  loosening  and  stitching  the  cut  edges  of  the  bulbar  conjunc- 
tiva together.     The  pyramidal  mass  of  tissue  dissected  from  the  bull 

should  have  a  thread  with  twi>  nee^^les 
pu^ed  through  it.  These  should  be 
carried  to  the  bottom  of  the  conjunc- 
tival sac  and  then  passed  out  lliruugh 
the  eyelid.  The  threads  are  then  to  be 
tied  over  a  roll  of  antiseptic  gauze  or 
other  soft  material.  The  dissected  flap 
is  thus  held  securely  in  place.  Tbe 
suture  should  be  left  in  position  for 
three  or  four  days,  or  until  suppura- 
tion commences  along  its  course. 

Rupture  nfthv  acfn-oU'v  is,  at  timee, 
produced  as  the  result  of  a  violent 
blow  on  the  eye.  The  rent  almost  in- 
vari»bly  takes  place  at  right  angles  to 
the  direction  of  the  force  producing  it. 
and  generally  occurs  at  a  djstsnce  of  from  two  to  five  millimetci-s  from 
ihe  border  of  the  cornea.  Thus,  if  the  blow  be  from  below  and  to  the 
outside,  the  rent  will  be  found  above  aud  to  the  inside.  Although  the 
sclerotic  is  thinnest  behind  the  insertion.^  of  the  recti  miuielcA,yet,  a«  it 
seems  to  be  supported  by  them.,  the  i-ent  occur«  in  front  of  the  moscle- 
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infcrtionif.  There  is  almost  alwa}'!!  prolapse  of  the  iris.  aiiU  frequently 
there  is  dislocation  of  the  lens.  Fig.  188  represents  the  latter  comlition. 
In  spite  of  the  severity  of  the  injury,  the  eye  ocrAsionaUr  recovers 
■with  8oine  degree  of  useful  visiou.  In  the  vnst  majority  of  instances,' 
i  I  either  shrinks  or  suppurates.  While  Cooper '  rc[>on8  a  case  from  Ilow> 
TMU8  practice,  where  a  severe  blow  on  the  eve  from  the  sudden  open- 
iitg  of  h  cArrioge-door.  causeil  a  rupture  of  trie  itclerotic  at  iix  posterior 
■ptri-  He  remarks,  that  such  cases  mav  he  more  frequent  than  they 
mm,  as  they  csntiot  be  diagno»ticateil  till  after  enucleation  of  the  eye- 
lall. 
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Rupturr  of  the  ckoriotd  occurs  at  times,  vithout  any  rupture  of  the 
tKrlerotic.  In  such  cases,  it  ustiutly  iippeam  u.t  a  n^nE  which  is  parallel 
to  one  of  the  Iiurders  of  the  optic  nerve.  At  first,  its  extent,  ami  per- 
haps eren  its  exist<^nce,  cannot  he  dcitennined  by  examination  with  the 
ophthalmoscope,  on  account  of  the  effuttion  uf  blooil.  .As  the  bemorrhage 
absorbs,  a  whitish  or  yellowish  rent,  uHen  of  considerable  extent,  and 
eonaetimes  branched,  is  seen.  Tf  it  does  not  invade  the  macular  region, 
good  sight  may  ensue.  Temporary  pij.;ment-dcpo9ition  bfilweori  the  disk 
and  the  macula  may  at  times  be  the  only  recognizable  ophthalmoscopic 
cbango. 

Penetrating  wounih.  nf  the  rye  with  injury  to  the  cornea  atul  iria. 
The  simplest  examples  of  these,  are  those  cuts  of  the  cornea  by  which 
the  anterior  clinmber  is  opened.  If  there  is  no  prolapse  of  the  iris,  they 
genendly  heal  nipidly.  without  impainnent  of  vision.  The  purposive 
injuries  made  in  the  operation  for  discission  of  cnlAract.  or  in  opening 
the  anterior  chamber  to  evacuate  pus,  are  familiar  examples.      After  the 
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Operation,  n  flight  clouding  of  the  conien  is  visible  in  and  around  Uie 
woTiiid,  hut  it  eoon  clears  Rwey  and  cannot  be  seen  by  ordinary  cxamini- 
tiou.  It  is,  however,  even  for  years  afterwanij  demynstrable  with  a 
tnagnifving-gliiss  and  nbliqiie  illuminalion.  Wliere  illci!^ed  wounds  oi 
the  cornea  »ro  cumpticated  witli  prolapse  of  the  iris,  they  are  much  more 
serious.  They  leave  larger  und  more  extensive  opacities,  and  are  apt 
to  result  in  nnterinr  synpehiir,  whipli  often  lead  to  chronic  iritis  or  to 
increase  of  inlra-ocuiar  pressure  und  secondary  glaucoma.       Fig.  l89 

represents  an  anterinr  synechia  follow- 
ing a  punctured  wound  of  the  cornea. 
The  distortion  of  theptipil  mid  the  per- 
ninncnt  hozc  of  the  cornea  around  the 
wound  are  shown.  When  the  prolapse 
ia  small,  it  should,  ufler  the  eye  has  been 
washed  with  an  antiseptic  solution,  be 
jilififist'd  by  I'd  King  it  with  theinB-forceps 
.111(1  cutting  it  oil'  with  »  ilclinitc  anisenre 
close  to  the  conn'-ii.  The  edges  of  the 
iris,  if  entangled  in  the  wound,  ishould  be 
gently  freed  and  replaced  with  a  metal 
or  horn  spatula.  In  order  to  keep,  if 
possible,  the  iris  from  again  becoming 
cntnnglod  in  the  cut,  u.  solution  of  atro- 
pine should  be  instilled  if  the  wound  bt:  central.  If  the  woimd  be  periphe- 
ral, a  solution  of  cserine  should  be  u»ed.  The  eye  is  to  be  clennscil  and 
a  bandage  is  to  be  applied.  This  dressing  should  be  repeated  once 
daily,  until  firm  union  of  the  wound  has  taken  place.  Very  large  pro- 
lapses shoulil  not  be  cut  off,  as  they  reproiluce  themselves.  In  such 
cases,  all  thai  can  he  done  is  to  try  to  prevent  further  protrusion  by  the 
use  of  a  compret^  bandnge. 

Penntratjny  wounds  of  the  eyehaii  with  injurif  to  the  len*  or  itt 
eaptuie.  Wounds  of  the  lens  are  always  serious,  and  frequently  lead  to 
the  loss  of  eyesight.  Where  the  capsule  is  lacerated,  it  always  results  in 
swelling  and  opacity  of  the  It^ns-substance,  which  generally  continues  until 
the  enure  lens  has  Wemiie  opaijue.  In  rare  instances,  the  capsule  closes, 
and  the  opacity  remains  partial.  The  prognosis  is  compAi-atively  favor- 
able only  in  those  cases  in  which  the  wounding  instrument  has  entered 
through  the  cornea  and  pupillary  space,  without  injuring  the  iris  and 
the  ciliary  body.  In  these  instances,  however,  rapid  swelling  of  the 
lens  may  take  place,  which  may  cither  cause  inflammation  of  the  iris 
from  pressure  on  it,  or  Icmi  to  artificial  glaucoma  by  augmenting  the 
geneml  iiitra-ocular  preswure  to  such  a  degree  that  the  nerve  fibi-es  of 
the  retina  arc  paralysed  anil  the  hcHil  uf  the  nerve  i»  pushed  back  into 
its  sheath.  Owing  to  the  greater  !U)ftneK?t  attd  elasticity  of  the  sclerotic 
and  the  greater  dilatability  of  the  pupil  in  early  life,  and  to  the  slight 
tendency  of  the  iris  to  inllamiiiaiion,  nipid  swelling  of  the  lens  is  much 
better  borne  in  the  young  than  it  is  in  the  oid.  In  such  persons,  where 
the  nucleus  of  the  lens  is  !>till  soft,  n  wound  of  this  organ  may  lend  to 
its  entire  nbwirption,  leaving  the  eye  In  a  sttitc  similar  to  that  which  is 
found  after  a  successful  cataract  operation— that  is.  with  a  clear  pupil 
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and  entire  absence  of  the  lens.  W)i«i  tbe  iris  is  involved,  the  prognoatv 
is  more  grave.  Iiiflamniatioii  of  i\m  organ  keeps  it  congested,  and  ii« 
bloodvessels  and  thase  of  the  ciliary  processes  distended  and  full  of  blood, 
while  the  circulation  at  the  periphery  of  the  anterior  chamber  becomes 
more  sluj^jiish,  and  the  absorption  of  the  swollen  lens-matter  much 
slower.  Moreover,  exudatiuu  »(  lyuipli  from  its  surface  is  apt  to  cause 
/i(/gfrnV»r*ynM/(MB,orattachmenLs  of  the  iris  to  the  capsule  of  the  lens. 
Further,  continued  contact  with  tlie  aquef»w  is  prevented  bv  coiitiiig  the 
wound  in  the  capsule  or  the  swollen  lens-substance  with  lymph,  and 

tabsorptinn  is  brought  to  n  standstill,  leaving  a  peniianeiil  iRiumatlc 
cataract.     Fig.  lOi)  rei»resents  a  section  of  an  eye  with  tmumatic  cats. 
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'  ract.  The  lens  has  undergone  partial  absorption  and  has  become  dumb- 
beU-«baped.  The  pu])il  is  contracted  and  filled  with  lymph.  The  cornea 
is  distorted  and  Hnttened. 

Where  large  pieces  of  lens-substance  swell  out  between  the  lips  of 
the  wound  in  the  capsule  and  fall  into  the  anterior  chamber,  they  may 
cause  local  irritation  of  the  iris.  This  complication  is  also  evidenceil 
by  peri-oomeol  injeciirm,  which  is  much  more  intcnsu  at  this  point. 
In  the  most  favorable  cases  of  tnLumntic  cataract,  many  weeks  may 
elapse  before  the  lens  is  nhsorhed  and  tbe  eye  becomes  quiet.  In 
eoroplicated  cases,  we  often  wait  many  months  for  tbe  same  result.  As 
Mqueoces,  we  may  have  closure  of  the  pupil  by  effusion  of  lymph,  infil- 
trmtioD  of  the  ciliary  body  and  proccsties.  and  sympathetic  inflammation 
of  the  fcllow-eye.  At  othcf  times,  extensive  chorioiditis  or  atrophy  of 
the  inner  layer  nf  the  retina,  with  pressure  ctcavation  \>(  lh»  h^ad  of 
the  nerve,  may  t.iko  place.  During  the  entire  prwcss.  the  eyoa  should 
be  kept  shaded  from  strong  light  by  smoked  glasses,  and  all  use  of  the 
fellow-eye  for  near- work  forbidden. 
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Wliile  tbe  wound  of  the  capeale  is  open,  the  eye  shoald  be  kept 
bandaged,  nnd  a  neutral  solution  of  sulphate  of  airapia  should  be 
iastjlled  sufficiently  often  to  keep  the  pupil  dilated.  Inasmuch  as  consid- 
erable reaction  of  the  iric  is  usually  accompanied  by  severe  [laiii  in  the 
eye,  forehead,  and  temple,  free  abstraction  of  blood  from  the  temple,  either 
by  Hourteloup's  apparatus  or  by  natural  leeches,  should  be  resorted  to. 
When  there  is  pus  in  the  anterior  cbamber  {fii/popffon),  or  when  swell- 
ing of  the  lens  is  so  extensive  and  so  rapid  as  to  threaten  secondary  glau- 
coma, much  good  may  be  ilonc  by  tapping  the  nutcrior  chamber  with  an 
iridectomy- knife  or  a  broad  needle,  and  evacuating  the  pus  or  softened 
lens-matter.  If  increase  of  tension  recurs,  the  wound  may  be  advau- 
tageously  reopened  by  the  itttroduclioii  of  an  tnstntinent,  such  as  (he 
small  born  spud  used  to  replace  the  iris,  or  a  Daviel's  spoon,  between  its 
lips. 

When  the  infiammation  runs  high,  and,  in  addition  to  great  pain,  thetv 
are  i^welliug  nnd  cedema  of  the  lids,  the  patient  should  be  kept  at  rest  in 
bed.  Ice-compresses  should  be  applied  to  the  closod  lids.  Except  in 
the  cases  above  specified,  operative  interference  is  to  he  avoided,  and  no 
attempt  should  be  made  to  remove  a  traumatic  catnruet  till  the  eye  baa 
been  entirely  quiet.  If  the  Jens  is  mostlv  ahunrlwd  at  this  period,  and 
only  some  opaijue  and  wrinkled  capsule  be  left  in  the  pupillary  space. 
discission  may  be  attemptefl.  If  the  pupil  is  closed  with  lymph,  an 
iridectomy  with  some  form  of  linear  incision  for  the  extraction  of  cata- 
ract is  advisable. 

P'-ne-trating  wtnimU  of  the  «;i/*?  wilh  iodffmrnt  of  a  fareiffn  body  in  the 
eyehall.  When  a  foreifjn  b^g^  entci-s  the  eyeball  and  remains  in  it.  it 
usually  e.\ci(es  suOicient  inllarniuntion  to  destroy  the  eye  and  to  cause 
sympathetic  irritation  of  the  fellow.  The  prognosis  will  vary  with  the 
size  and  nature  of  the  foreign  body,  and  with  the  part  of  the  eyeball  in 
wbicli  ii  is  lodged.  When  penetrating  wounds  of  the  eyeball  are  made 
by  small  met-illic  bodies  travelling  with  groat  velocity,  and  the  point  of 
entrance  is  situated  in  the  sclerotic,  the  detection  of  llie  wound  of 
entrance  is  often  very  difficult,  requiring  careful  senivh  with  n  mag- 
Difyiiig-glass  and  oblique  light.  Owing  to  the  elasticity  of  the  tunics 
of  the  eye,  the  wound  is  apt  to  be  very  small  in  proportion  to  the  size  of 
the  body  causing  it.  In  all  rpcent  cases,  a  diminution  of  the  intra-ocular 
tension  will  be  maniTested  by  careful  palpation.  Where,  after  an  Injury, 
there  are  repeated  exacerbations  of  intlammation  and  a  grade  of  disturb- 
ance that  are  dieproportioiied  to  the  apjMirent  severity  of  the  injury,  the 
presence  of  a  foreign  body  in  the  eyeball  may  be  suspected.  Very 
small  iron  splinters  in  tlie  anterior  chamber  tnay,  in  some  instances,  be 
entirely  absorbed.  Laurence,  Wardrop,  White  Cooper,  and  Walton,  have 
cited  such  eases,  where  small  pieces  of  metal  have  been  broken  off  from 
the  ends  of  cataract  oeedle^^.  Dangerous  inB,^n>iiiatinn,  however,  may 
ensue,  as  in  an  iuRtance  noted  by  ('unier,'  where  such  an  accident  wa.« 
followed  by  repeated  attacks  of  inflammation,  which  eventuated  in  the 
minute  particle:^  of  metal  being  glued  fast  to  the  iris  by  lymph.  On 
attempting  to  remove  this  mass  by  an  incision  through  the  cornea,  it 

■  .Xnnaleiid'iicuUtiiiqiie.iaiD* t.  pp.  SM.SDO. 


INJURIES    OF    THE    OKBITe.    KYIS,   AND    KYELIOS.       295 


ttfhered  so  tiehtlj  to  Uie  iris  and  the  capsule  that  the  leos  had  to  be 
mcMted.     The  patient  recovered  with  fair  sijrht. 

There  are  also  several  examjiles  gn-eii  of  enca|j9u!ation  of  foreign 
Mies  in  the  anterior  chamber,  the  eye  roinaining  quiet.     After  a  varl- 
«We  period  of  riuicsccncc,  however,  such  bodies  arc  apt  to  become  loose 
iftfl    to  give  rise  to  severe  inflainrnation.     A  cHJue  ia  note*!  Ny  MitMIe- 
w*f.'  where,  after  two  yeanj'  iiicerviil,  a  frii^iifiil.  of  metal  heiMime  loiwe, 
.tnj;  threatened  stippumtion  of  the  ejehall,  which  wa-s  only  averted 
f?  llie  extraction  of  the  foreign  body  through  a  corneal  inciHJOD.     Small 
fori^igii  ))oiIies  may  remain  for  years  in  the  anterior  chamber  without  ex> 
I        ^t-i-nganjconsiderableand  laaiing  irritation.  Jacob'  records  an  instance 
I       "■fc**=rea»pUntcrDf  stone  remained  for  four  years  in  the  anterior  chamber. 
I       Ja-^^er' reports  one  where  a  piece  of  gun-cap,  one  square  miltiincter  in 
*'^*>.  remained  in  a  simiUir  position  for  five  years.     Critchelt  states  that 
'"^       lias  removed  a  minute  piece  of  glass  from  the  anterior  chamber  of 
■'     v:a.4efnl  and  sharp-seeing  eye,  which  had  been  in  that  situation  for 
''3*  teen  years.     Cilia  are  sometimes  carried  into  the  anterior  chamber 
hy      foreign  bodies  which  enter  It.       At  times,  they  are  pushed  in  where 
"^^-  wounding  body  does  not  itself  enter  into  the  organ.     Pageu>!tei,ber 
^^  feiv-eaan  instance  in  which  a  cilium  remained  in  the  anterior  chamber  for 
^B^^^  years  without  exciting  any  irritation.     Very  minute  fortign  bnJica 
^B  ^••esoinetitnee  spontaneouBly  extrucied  fnim  the  eye.    Usually,  there  ure 
^P    ^^^ptateii  attacks  oi'  inllammation,  and   f^iuring  one  of  these  the  minute 
^^     'W;dy  ulcerates  throngh  the  original  place  of  entnmce.     Dixon  records 
iVg  cases  where  small  metallic   bodies  were  thus   extruded,  the  organ 
rKaining  good  vision,    rnfortunntclv,  in  the  majority  of  such  case?t,  all 
vitioQ  IB  lost.     In  the  first  of  Oixoii'm'  pjiaes,  the  foreign  body  had  re- 
mained in  the  eye  for  eighteen  months.     In  the  seoond.  it  had  been 
imbedded  for  eight  years  before  the  first  attack  of  inflammation  occurred. 
In  tlie  latter  instance,  aft«r  an  interval  of  three  years,  a  second  attack 
le  on,  which  yiehled  to  tre«tment.     A   third  »ttnck  ensaing.  the  eye 
iled  to  becooae  quiet.     Afler  protracterl  inflammation,  a  minute  scale 
of  melal  protruded  and  was  extracted.      I  n  both  of  these  cases,  the  point 
of  exit  was  at  the  corneo-sclcral  junction.     StoebeH*  gives  n  case  of  gun- 
cap,  which  wa«  s{>ontaDuc}U8ly  extrudeil  through  Iho  name  part  of  the 
eye.     In  this  caac  there  was  repeated  inflamtnntinn,  which  extended 
over  a  period  of  two  years.     Sight  wa«  lost.     Small  foreign  bodies  may. 
remain  imbedded  even  in  the  ciliary  body  itself  for  yours,  before  they 
excite  inflammation,  as  is  shown  in  the  ca.se  of  Bowen's,"  in  which  a 
piece  of  iron  of  the  size  of  a  smalt  pin's  hend  was  found  between  the 
fibres  of  the  ciliary  muscles,  where  it  hnd   remained   for  nine  years. 
Finally,  it  excited  inflammution,  which  led  to  enucleation  of  the  eyeball 
and  its  discovery. 

Foreign  bodies  lodging  in  the  iris,  if  very  small  and  causing  no  irri- 
tation, may  be  left  in  positioti,  care  being  tiiken  to  watch  the  eve,  and 
to  warn  the  patient  to  return  if  intlaniraation  sets  in.     Wliere  they  are 
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larger  and  excite  irrltatiou,  an  opening  should  be  made  into  tbe  ante- 
rior  cliHmber  witli  a  broiid  needle  and  the  ubjoct  seized,  and  removed, 
either  with  a  fine  iris-forceps  or  with  canula-fbrceps.  It  is.  however. 
ofieii  impossible  to  extract  the  irritating  object  wiihoal  pulling  some  of 
the  iris  wiili  it,  in  which  case  the  protrusion  should  be  cut  off.  Where 
the  fnreigii  boily  lodges  in  the  lens,  it  usually  causes  complete  cataract 
It'  the  rnrnicn  .substance  is  very  small,  the  wound  in  the  capsule  ma^  heal, 
and  tlie  hoay  be  extracted  without  difficulty  at  the  time  of  the  romoral 
of  the  o(«i(iue  lens.  Where  the  foreign  Miib«tance  is  of  grester  sixe,  the 
ivnt  in  the  capHule  is  freijueiitly  Inrge  enough  to  admit  sufficient  aqucoas 
to  cause  comjilele  softening  and  absorption  of  the  lens.  In  «acU 
the  foreign  body  may  become  dangerous  by  fitlling  into  either  the 
rior  or  the  posterior  chamber  and  exciting  inllnmmBtion.  An  attempt 
should  therefore  bu  made  to  remove  it,  with  the  opaque  lens,  by  some 
of  the  methods  that  are  &ppn>prifilo  to  the  extraction  of  traumatic 
cataract. 

Lodffinent  of  a  foreign  body  in  the  vUreou9  vhamber  or  in  $om«  of 
the  tis)nie«  that  fnrm  ii»  toalla.  Small  fnigments  of  metal  may  enter  the 
vitreous,  and.  becoming  encapsulated,  remain  in  position  for  many  year:) 
without  exciting  any  irritation  beyond  that  caused  at  the  time  of  their 
entrance.  As  a  rule,  they  are,  however,  liable  to  sink,  and,  by  falling 
on  the  retina,  the  chorioid,  or  the  ciliary  body,  give  rise  to  destructive 
iriQa  inn  III  lion  mT  t]w  eye.  Occuiiionnlly,  foreign  bodies  in  the  vitreons 
may  be  sponlaneoiisly  extruded  after  ileslroying  sight.  Mauthner' 
relates  some  cases  where  glass  ^plinter^  were  thus  evacuated.  One  of 
these  escaped  entirely  without  assistance,  whilst  the  other,  which  was 
detected  predenting  in  the  wound,  was  removed  by  enlarging  the  open- 
ing in  the  sclera  and  seizing  the  body  with  a  forceps.  White  Cooper 
mentions  a  similar  pointing,  and  attempt  at  spontaneous  evacuation, 
by  a  large  piece  of  iron  in  an  inflamed  tmil  shrunken  eyeball.  In  this 
case,  tlie  eye  became  quiet  after  extraction  of  the  iron  through  an  en- 
largement made  at  the  point  of  the  original  wound.  A  good  example 
of  the  lodgment  of  a  chip  of  steel,  which  was  encapsulated  and  which 
rems-ined  for  years  in  the  vitreous,  while  the  eye  still  retained  some 
degree  of  vision,  is  furnished  by  Jaeger.  In  this  instance,  there  was 
only  a  slight  trace  of  wound  in  the  cornea  and  iris.  The  lens  eacapeil 
.injury,  allowing  the  foreign  body  in  the  vitreous  lo  bo  seen  with  the 
mirrur.  Detachment  of  the  lower  and  outer  part  of  the  retina  followed. 
At  the  end  of  three  months,  the  metal  had  found  its  way  into  the  centre 
of  the  vitreous,  where,  having  at  first  been  borizoDtal  in  ]>osition.  it 
later  became  vertical. 

When  such  small  metallic  bodies  enter  the  viiroous  chamber,  the 
patient  usually  feels  pain,  sees  a  flash  of  tight,  and,  sooner  or  later, 
noCicM  a  dimming  of  the  vision.  The  laat  symptom  may  be  depen- 
dent upon  hemorrhage,  retinal  detachment,  or  general  clouding  of  the 
vitreous.  While  the  media  remain  ck'ar,  the  oplithahnoscope  offers 
opportunities  to  locale  the  body,  the  track  through  the  vitreous 
marked  as  a  gruy  cord.     If  there  be  small  rents  in  the  iris,  they 
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(fen  escape  detection  in  examination  by  daylight,  but  when  sought  for 
W  the  mirror,  they  are  readily  seen  as  a  red  glare. 

U'hen  we  have  located  tlie  body  in  the  ani^jrior  part  of  the  vitreous, 

ff  may  aomttiiraes  attempt  to  remove  it  by  first  niaJting  »  cut  in  an 

■nlero-posteriiir  dirnulion  bt-himl  tlie  ciliHry  mii-tcle.  aiul  pariillel  to  and 

ieiwecn  the  Mriiight   mnftrUw.     Introducing  n  delicate  pair  of   iris- 

ferccfw,  we  next  endeavnr  to  seize  tlie  body.      Sometimes  the  foreign 

fxxiy  '\B  at  once  carried  into  the  grasp  of  the  forceps  by  »  nrnlapse  of 

^e  vitreooa.  which  occurs  during  dilatation  of  the  wound.     If  the  bndy 

tw  of  iron,  our  efforts  to  remove  it  will  occasionally  be  much  aided  by  a 

■u^tgnet.     This  should  be  composed  of  a  blunt  prohe  of  soft  iron,  ren- 

d«w*«?d  magnetic  by  having  an  electric  current  passed  through  u  wire 

f*il .  which  surroumiH  its  shank.     This  inairuineiil.  is  introduced,  either 

^*  ■~Ough  the  wound  of  entrance  or  through  micfi  an  incision  aa  lias  been 

aes^^jrjbe^l.    Al'ter  having  been  brought  in  contact  with  the  iron  particle. 

'*    i»  to  be  gently  brought  oat  through  the  opening,  when,  at  tiraoa,  the 

f**"«ign  body  will  be  found  adhering  to  it.     Where  the  body  lies  deep 

"*     the  eyeboll,  our  expeciniions  may  often  be  disappointed,  even  when 

!**«?  battery  is  in  its  best  working  order,  and  the  magnet  able  to  readily 

'^"^^  heavy  irou  objects  outside  of  the  eye.     In  such  cuses,  we  Cud  that 

^'^^Bfi  fibres  of  the  tough  and  gehitinous  vitreous  cling  to  the  sharp 

'"*^*gh  edges  of  the  foreign  body  on  each  attempt  at  withdniwal,  and 

^iJl  it  away  from  the  magnet.      Even  in  an  enucleated  eye.  where  a 

^•Teign  bwly  has  been  letl  in  situ  and  can  be  seen,  we  find,  upon  ciit- 

*-itig  it  open,  that  we  are,  at  times,  unable  to  draw  a  foreign  substance 

^Ut  of  the  ritrcous.     Nevertheless,  as  we  arc  nt  tiroes  successful,  and 

^ay  save  an  eye  which  may  at  least  be  useful  to  get  about  with,  and 

*>lao  relieve  imminent  <langer  of  Hympatheiic  inllammation,  it  is  our 

Uuty  to  consider  and  try  it  in  all  appropriate  ca.ies.     When  the  foreign 

t>ody  lies  close  behind  a  wounded  lens,  it  may  be  removed  either  with  a 

ttpoon  or  by  the  muf^riet.  during  an  openition  for  the  extraction  of  the 

1«DS.     In  u  statistical  paper  on  the  result  of  mugnet  operation,  N'eese 

sajs  that  out  of  154  cases,  lOi  per  cent,  recovered  with  nearly  normal 

vision,  80i  per  cent,  retained  some  degree  of  visual  power,  and  17  J  per 

cent.  lost  all  perception  of  light.      In  tliene  lust  cases,  the  form  of  the 

jflobe  was  retained.      In  lOf   per  cent.,  eniieletition  wai^  iiievilnble,  and 

in  37  per  cent,  the  magnet  oponition  was  a  failuro  from  the  lieginning, 

On  account  of  the  large  number  of  unsuccessful  cases  not  ordinarily 

finding  their  way  into  literature,  these  statistics,  however,  present  too 

favorable  a  view  of  the  success  of  the  operation.     They  are  also  fnnlty, 

becaose  of   the  difficulty  of    obtaining   knowledge  of    the  permanent 

results.     Still  more  recently,  Hirschbcrg  has  given  the  results  of  one 

hundretl   electro-magnet   operations.      Uf  these,  thirty-five  were   for 

fragments  of  iron  lodged  in  the  cornea,  conjunctiva,  Mrlerotic,  iris,  or 

lens,  while  in  sixty-four  instance.-s,  a  piece  had  penetrated  the  vitreous 

chamber.     Of  these  latter  caaes,  four  recovered  with  good  vision,  three 

with  fair  vision,  and  six  with  retention  of  the  form  of  the  eyeball.     Of 

the  remaining  fifty-one,  thirty-four  underwent  enucleation,  one  refused, 

this  operation,  and  fifteen,  where  the  magnet  failed  to  remove  anything, 

recovered  with  the  iron  still  in  the  eye. 
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All  tbe  above  describod  operstiooa  &ro  serious,  and  of  themsclm 
endanger  the  eyesight  of  the  operated  eye.  We  are  neverthclces  josti- 
fie<I  in  iittempting  them,  because,  in  the  vast  majority  of  iostancea,  the 
presence  of  such  n  rurci^Ti  bod^  leads  to  loss  of  sight  and  inflninmatory 
changCK,  which  not  only  enuse  the  organ  to  shrint,  but  also  frojiicnily 
give  rise  to  sympathetic  infiatnoiatioD  of  the  fellow-eye.  In  any  ai*e, 
where  an  attempt  ia  made  to  remove  the  foreign  body  by  miy  of  tbe 
methmls  descrihed,  it  should  be  previously  agreed  witli  the  patient  that, 
in  the  event  of  failure,  the  surgeon  shall  be  empowered  to  enucleate 
the  eyeball,  if  he  deems  such  a  procedure  advisable.  In  aJI  operations 
for  the  removal  of  foreign  hodiwt  from  tile  anterior  or  the  posterior 
chamber,  the  iris,  the  lenn,  or  the  vitreous,  it  is  advisable  to  operate 
vhilst  the  putient  is  in  complete  narcosis. 


(^tlan  lUotrinB  (MMnc  Mid  pulTCfLuiloo  dI  tl»iic«  br  >  Ko.  3  shot. 


Oung/tot  u/oundg  of  the  eycbaU.  When  a  small-sized  bird-shot 
penetrated  the  eye,  it  cjiuaes  so  great  deatruetion  at  the  point  of 
entrance  (and  of  exit,  if  it  passes  through  into  the  orbit),  with  so 
mtich  intru-ocular  bemnrrhiige  that  eyesiglit  iu  always  aerionaly  im- 
paired, and,  usually,  irretricvtibly  lust.  Fig,  191  give«  an  example  of 
such  un  injury,  where  a  No.  8  shot  entered  the  ciliary  region,  rup- 
turing the  aclerotic  at  this  point,  and  fiiirly  pulverizing  some  of  its 
tibres.     The  ciliary  body  nnd  ciliary  processes  were  torn  and  detached. 

IIow  near  an  eye  can  e.scapc  destruction  is  shown  in  a  case  treated 
by  tbe  author,  where  a  No.  6  shot  had  lodged  in  the  selerocic,  and 
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hideaoBed  a  slight  hemorrhage  at  corresponding  points  of  the  retina 
and  ^orioid,  trhich  vas  visible  with  the  ophthalmoscope.  The  shot  was 
removed  from  the  sclerotic,  and  the  eje  recovered  with  perfect  vision, 
vliich  has  now  lasted  many  years. 

Wlien  pistol  or  rifle  ballets  strike  the  eye  directly,  they  usually 
destroy  it.  When  they  only  graze  it,  they  often  cause  ruptures  of  the 
chorioid,  with  sufficient  intra-ocular  hemorrhages  to  destroy  sight. 

Wounde  of  the  optic  nerve  in  the  orbit  are  rare.     This  ia  owing  to 
its  deep  position,  its  curved  course,  and  its  ready  displacement.     They 
We  occurred  by  tearing  off  the  nerve  tissues  through  the  forcing  of 
blmt  instruments  into  the  orbit.     At  times,  the  nerve  is  cut  by  bird- 
shot,  or  by  rifle-  or  pistol-balls.    Schweigger  records  a  case  of  immediate 
Windness  caused  by  a  bird-shot  that  struck  the  nerve  near  the  optic 
foramen  and  entered  the  orbit  without  injuring  the  eyeball.     If  the 
uijtiry  is  at  the  point  of  entrance  of  the  central  vessels,  there  is  said  to 
06  immediate  ischeemia  of  the  disk.     In  any  case,  absolute  atrophy 
nisues,  even  when  the  division  of  the  nerve  is  made  fiirther  back. 
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S\'Mi>ATi[KTic  oiMiTiiALMiA  IB  a  term  that  is  applied  to  tbe  inflnm 
inutigu  ol  one  eye  tliat  \i»»  Ijeen  csutted  solely  by  a  primary  inflammAtion 
of  tlie  fellow.  Such  ophthaliiiia*are  frequently  lo  be  observed,  and  are  in 
striking  oontrMt  with  our  every-day  experience  in  inflammatory  afl'ectiona 
of  other  part*  of  the  body.  For  instaDce,  it  is  well  known  that  where 
there  is  on  inBnmmntioo  of  one  bund,  of  one  foot,  of  one  ^de  of  the  face, 
or  of  the  trunk,  no  simibir  affection  of  a  corresponding  area  on  the  other 
Bide  of  the  body  i»  ordinurily  found.  Tlicre  are,  it  is  true,  a  small  num- 
ber of  well-obfterved  cases  in  which  it  has  been  proved  that,  in  eonee- 
(juence  of  some  us  yet  not  ihorouchly  explained  action  of  the  nerrous 
system,  an  inflammation  of  one  side  of  the  body  does  exercise  a  marked 
influence  on  the  nutrition  of  the  corresponding  area  of  ibe  other  side. 
This  is  well  shown  in  rare  cases  of  so-called  reflex  paralysis  Ibllowine 
gunshot  wounds — ^n  striking  example  of  which  i3  recorded  by  Mitehell. 
Morehuu^u,  uud  Keen.  In  tbeir  case,  complete  aniKathesia  of  the  ex- 
ternal side  of  the  right  thigh  developed  afler  a  gunshot  wound  of  the 
corresponding  area  of  the  left  thigh.  Annandalc  relates  a  caae  of 
wound  of  the  finger  with  painful  cicatrix  and  glosay  akin,  which  waa  fol- 
lowed by  a  siniihir  condition  of  the  ojiTeap'Unding  finger  of  the  otlier 
band.  Cenas  has  recorded  a  caae  of  trophic  cbange-8  in  both  hands,  witli 
contraction  of  the  ring  and  adjacent  lingers,  that  followed  a  gunshot 
injury  of  the  right  forearm,  involving  the  ulnar  nerve.  Such  in- 
ataticcs.  as  well  as  occasiunal  syumietrical  dieposilion  of  new  growths  and 
of  cntaneoua  crnption)*  oti  the  two  sides  of  the  body,  are  compara- 
tively rare,  and  in  many  such  cases  arc  not  raanifcstfltlona  of  svmpathy, 
hut  are  sjmplv  either  eviilenoesof  disease  in  some  of  the  ganglia  of  the 
ccrebro-spinal  system,  followed  by  symmetrical  affection  of  the  nervps 
springing  from  them,  or  indications  of  peculiarities  that  are  dependent 
upon  simiturity  of  tissue- formation  in  corresponding  parts.  In  eye- 
disewes,  however,  when  the  ciliary  body  become*  involved,  sympa- 
thetic iiffeclion  of  the  felliiw-eye  is  unfortunately  a  frequent  occurrence. 
It  is  tnie  that  if  ancb  sympathetic  disturbance^  arc  ever  exhibited 
in  the  economy,  we  might  reasonably  expect  them  in  the  eT«s, 
where  there  is  so  ahsmlute  an  anatomical  connection,  and  where  uotli 
the  motor  and  the  sensory  types  of  the  physiological  sympathicj*  are  so 
largely  developed.  In  health,  as  previously  shown,  all  movements  of  both 
eyeballs  arc  in  harmony  with  one  another,  so  that,  for  instance,  when  one 
eye  moves  in  a  given  direction,  xis  fellow  makes  a  simultaneous  and  equal  M 
excursion  in  the  same  direction.  Furiber.  ashas  been  explained  on  page  ■ 
93,  the  pnpil  of  one  eye,  that  baa  been  screened  from  light,  will  con- 
tract and  dilate  consentaneously  with  that  of  its  uncovereil  fellow,  when 
tbe  latter  is  exposed  to  varying  light  and  shadow. 
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Wfoiods  sDil  iiidumniatjons  of  the  ciliary'  region  are  tbo  usual  slorting- 
piuUB  of  syinpatlietic  ophthalmias,  it  bcin;^  very  rare  to  have  any 
ounfe»tjicion  of  sympulliy  (roai  any  furm  of  disease  of  the  primarily 
iffecttd  eye  unlcfiK  tliiw  region  in-com^s  involved,  Thnrt- aretwo  r»rietie» 
pftlie  disease.      These  ure  respeftively  known  as  siimputhrtif  irritation 
m\tym/>athetic  injiammntion.   In  the  Erst,  there  h  an  irritation  of  the 
(jOftalSiizinj^  eye,  wliirh  is  evinced  liy  undue  sensitiveness  to  light,  and 
nmme  of  lacrymacion  with  speedy  tiring  of  accommodation,  thus  pro- 
<fKiog  iaability  to  do  near-work  for  more  than  a  few  minutes  at  a  time, 
ftrther.  any  prolonged  use  of  the  organ  not  only  causes  blurring  of  the 
s^rfit,  but  also  brings  on  pain  in  the  pritnavJly  afiucted  eye.  The  exciting 
'*ye  prp»ent«  pericorneal  and  ciliary  injections.    There  in  marked  tcTider- 
less  of  ihe  ciliary  region  to  the  touch,  while  at  times  there  are  attacks  of 
'nffeninal  neuralgia  on  the  same  side.     The  second  is  present,  when,  in 
*daiiion  to  the  symptoms  already  enumerated,  there  is  a  development  of 
piratic  exudations  in  the  aympathiiiing  eye.      In  it,  we  find  a  marked 
WUe  of  ciliary  injection,  the  eyehall  in  this  region  being  cxouiaitely 
f^Uflcr  to   the  touch.     There   h  a  hanness  of  the  media.     The  iris 
't^  tost  ita  hriltiaiicy  and  is  changed  in  color,  irhilijt  plastic  lymph  is 
eflFtiud  into  iia  substance  and  thrown  out  on  its  posterior  surface,  glue- 
^tog  it  firmly  to  the  anterior  capsule  of  the  lens.     Floating  vitreoua 
<3piinties  become  manifest  on  examination  with  the  ophthalmoscope,  mid 
Hre  visible  to  the  patient  as  dark  spots  in  front  of  the  eye      As  the  dis- 
ease progreeaea,  tyui]ih  is  eflu»ed  into  the  pupil.    At  lirat,  the  tension  of 
^e  eyeball  is  normal  or  Hli;;htly  iiiorcMSi'd.     Ijuler,  the  eye  becomes  soft. 
■"Owing  lo  retraction  of  effused  lymph  at  this  time,  the  ciliary  maroin 
of  the  iris  ispul1e<l  back  and  the  tinlerior  chamber  becomes  deepenerfal 
its  periphery.     When  exclusion  of  the  pupil  is  ctimpletc,  fluid  accumn- 
btet  in  the  poeterior  chamber,  producing  a  bulging  and  thinning«)f 
parts  of  the  iris.     If  the  eye  becomes  (]uict,  it  may,  by  involvement 
of  the  chorioid  and  the  retina,  with  possibly  complete  detachment  of 
the  latter,  become  siglitlesH ;  or,  if  the  chniigra   have  been  limited  to 
the  anterior  part  of  the  organ,  it  may  retain  a  fair  perception  of  light, 
We  have,  therefore,  a  secretory  neurosis  without  any  gross   nnatoraical 
changes  in  the  first  form  of  the  affection  ;  while  in  the  second,  there  is  a 
malignant  inflammation  of  the  eye,  which  usually  develops  as  a  plastic 
cyclitis,  and  too  often,  in  apiie  of  all  treatment,  destroys  the  secondarily 
^ected  eye. 

While  the«  are  the  usual  forms  of  sympathetic  ophthalmia,  an  irido- 
icralitia  or  a  serous  iritis  i»  occnsiDiially  encountered,  as  the  visible 
Mpreasion  of  the  sympathetic  inflammation.  In  rarer  ca«e«,  a  aympa- 
tbetJoneuro-retinitis,  accompanied  by  amarkeilstveltingof  tbeoplic  disk, 
may  be  met  with.  This  form  isoftcn  accompanieil  by  vitreousopacitiesand 
other  evidences  of  involvement  of  iho  ciliary  region.  Less  frequently,  the 
sympathetic  affection  takea  the  form  of  a  v  iolcnt  and  contlnaous  blepharo- 
spasm, aa  in  a  cai*e  related  by  Donders  and  Maat*t,  in  which  the  spiwm 
disappcaretl  in  a  few  hours  after  eiiucleutiun  of  the  primarily  af- 
fected eye.  In  a  few  rare  cases,  the  cilia  of  both  thf  priiiiarily  and 
ihc  Bccondarily  affected  eye  have  turne<l  gray  consentanenu>tly  with  the 
tbreaik  of  the  sympathetic  cyclitis. 
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The  most  fretiuent  caases  of  syinpntlictic  disease  are  wuunils  of  the 
ciliary  region,  and  the  presence  of  foi-eign  bodies  within  the  eye     Tha^ 
Bccondury  changes  induced  by  injury  or  mflammatioii,  such  ajt  the  dt  M 
velopmcnt  of  anterior  stapliytomii,  the  ahriokinf;  of  sightless  eyeballs,  thp^ 
fijnuation  of  btiiie  between  thu  cliorioid  and  the  retina,  and  the  growth 
ol  intra-oRulitr  tiiiiiors,  nru  vouiiiioii.  llioii^h  less   u^ual,  causes  of  the- 
sjime  aflTection.      In  the  latter  tm^iea,  where  the  dcgencratioii  of  siglil 
less  or  iiQpaired  eyes  leads  to  sympathetic  disease,  it  is  usually  de*el 
oped  only  when  the  secondary  changes  have  caused  intlammatiDnofth 
ciliary  body,  and  when  the  ciliary  region  hn£  become  ex (jii is itely  sensi- 
tive to  the  touch. 

Sympathetic  diacaaea  may  develop  nt  any  periwl  after  injury  to  the 
felluw-cye.  The  uaual  titue  fur  the  first  luauifestjttion  of  syiupaUielic 
neurosic),  where  t}iere  ban  been  n  wound  of  the  ciliary  I'egion,  is  from 
four  tcflix  wcekfl.  FrequtTitly,  iifter  the  primary  attack,  both  ejea  become 
quiet  for  a  time.  After  a  variable  period  of  rest,  intlammatiou  again 
sets  in  in  the  injureil  eye.  and  n  renewed  attack  of  syinpatlietic  disturb- 
ance follows  in  its  fellow.  Often  years  elapse  between  ati  injury  to  an 
eye  and  the  development  of  sympathetic  diseaiic,  this  being  due  to  the 
fiict  that  it  is  only  at  this  late  date  that  secondary  changes  have  taken 
place  in  the  ciliary  region. 

Although  a  wound  of  tlio  ciliary  region  is  the  moat  common  cause  o 
sympathetic  disturbance  in  the  fcllow-eyc,  yet  any  severe  idiopathic 
ioflauimation  of  tlie  ciliary  body  Ls  aUo  ca{table  of  producing  the  same 
condition.  Thus,  we  soinetiraes  see  sympathetic  inllammation  when  the 
development  of  a  syphilitic  gumma  of  the  ciliary  body  has  given  rise 
to  intense  inHamtnation  and  Bnal  shrinking  of  the  affected  eye.  Ulcere 
of  the  cornea  which  have  produced  atapbyluina.  and  the  inflammations 
which  follow  the  de<!cnerative  chuiiges  in  eyes  that  become  blind  from 
absolute  glaucoma,  are  olso  not  infrequent  causes  of  sympathetic  disease. 
In  fact,  any  disease  of  the  eye  may  give  rise  to  sympathetic  ophthalmia,  _ 
if  the  accompanying  or  consequent  intlamnmUon  of  the  ciliary  body  be  ■ 
only  sufTicietitly  intemte.  Noyea  relates  a  case  in  which  the  keraco-iritis  * 
caused  by  livrpes  zoster  frontalis,  gave  rise  to  sympathetic  inQammatioo 
of  the  fellow-eye.  Where,  eitlier  from  injury  or  disease  of  the  primarily 
affected  eye,  sympathetic  irritation  has  been  e-stublished,  the  exciting  eye 
has  ordinarily  lost  all  perception  of  tight.  In  some  cases,  however,  it  ■ 
may  be  necessary  to  sacrifice  an  eye  which  still  retains  some  light-per-  ■ 
ception  or  eveti  an  ability  to  see  to  count  fingers,  by  reason  of  the  ri'peaiod 
and  undoubted  attacks  of  sympathetic  irritation  which  it  has  produced 
in  its  fellow.  In  some  instnnces,  on  account  of  the  injii^r  to  the  pri- 
marily affected  eye,  sympathetic  irritation  appears  while  the  patient  is 
stilt  under  tr<.>atmeut.  It  is  then  interesting  to  note  the  suilden  devel- 
opment of  tenderness  in  the  ciliary  region,  the  sensitiveoesa  to  light, 
and  the  great  capillary  congestion  of  the  head  of  the  optic  nerve,  to 
on  eye  in  which,  at  the  previous  examination,  the  eye-gmund  appeared 
normal  atid  the  use  of  the  ophthalmuncopu  caused  no  discomfort.  At 
times,  too,  increased  light-suinnltiH  during  an  examination  of  the 


pathizingeye,  whilcgivinglitilo  inconvenience  to  the  eye  examined,  may 
cause  pain  and  discomfort  in  the  exciting  organ. 
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^ile  accideiiui)  wounds  of  ttie  eyeball  are  frequently  followed  br 

nnpathetic  inflaniinntion,  the  purposive  wounds  inflicted  in  operations 

'/a  the  eye,  occasionally  lead  to  the  same  unforcunate  results.     In  some 

«p«iatJons  formerly  much  resorted  to,  such  as  iridodcsia  and  depression 

or  reclination  of  cataract,  sympatlietic  infltummation  was  so  frequent 

thkl  they  nre   uow  rarely  iierformed,      Occasiniially  similar  iiiflnmiua- 

tioo  following  the  extraction  «f  cntarnct  lioth  hy  cornofl!  flap  iind  by 

JVripheiic  linear  incision  tnny  be  found.     Rarely,  the  operalions  for  the 

A)iulMn  of  cataract  and  iridectomy  lead  to  the  same  rettult^. 

When  exudation  of  inflammniory  products  has  once  taken  place  in 

jT'mpttilictically  utteeicd  eyes,  we  arc  no  lon^ter  sure  of  stopjiinj;  the 

'lieeBM'  by  the  tnuelention  of  the  primnrilv  inflanied  eve.      If  the  latter 

nc^ios  any  cuuai  dent  lie  uinuunt  of  vision,  its  enucleation    should  uot 

^    rteortea  lo,  as  frequently  it  will  recover  vviUi  heiter  vinion  than  the 

•y^    which  is  aecondarily  attactced.      If  the  sympathizing  eye   should 

I'^'V-e  become  blind,  we  may,  by  judicious  treatment  and  not  enuL-leat- 

"*  E^  the  irritating  organ,  be  able  to  save  some  remnant  of  siglit  in  the 

r*^i  »ii:irily  inflamed   eye.     Unfortunately,    other   treatment   offers  but 

'J'^*-Ic  chance  of  success.     Mackenzie,  who  was  the  6rst  lo  recognize 

""*^  disease,   has   most   truly   said:    ''Whenever    I    see   sympathetic 

"'^kitbatoiitis,  even  in  the  6i8t  staee,  I  know  that  I  have  to  contend 

'^*th  an  affection  which,  however  aliglit  iw  present  symptoms  may  be, 

**     one  of   the  most  dangerous   inflamtnatioii-t   to  which   the  organ  of 

^'aion  is  exposed."       The  best    treatment,   which  even  usually   fails, 

*^    the  use  of  mercury  pushed  to  ptyaji.sni,  followed  by  large  doses  of 

*<Mide  of  potassium.     Such  cases  as  those  reported  by  Weeker'  are  so 

^stceptional  as  only  to  provu  the  rule.     This  author  gives  an  instance 

■^'liere  a   symjialhetic  cyclilis,  caused    by  an   inflamed  and  shrunken 

Eyeball,  aei  in  i^>  violently  tJiat  on  the  »ec<ind  day  after  (he  outbreak, 

inspire  of  enucleation  of  the  offending  eye,  there  was  only  f|nantitative 

Twrception  of  light.     AAer  energetic  mercurial  treatment,  the  patient 

left  the  clinic  with  a  vision  of  tfO/XX. 

Even  after  the  sympathetically  affected  eye  has  become  quiet,  the 
iris,  having  been  plastered  down  to  the  anterior  capsule,  remains  fuxzy 
and  soft,  while  the  pupil  is  blocked  with  lymph,     if  under  these  cir* 
cuuistances,  or  later,  wlu-n  the  iris  has  bf.cume  tough  and  fibroua,  an  A 
iridectomy  is  attempted,  the  operatiuti  is  usually  a  failure. 

The  operation  of  enucleation,  which  was  introduced  in  the  treatment 
of  this  disease  by  Auauatin  Prllcbard,  of  Briutul,  England,  in  1854.  is 
nndoubtedly  proper  wdieji  there  is  only  sympathetic  irritation  and  when 
no  positive  inflammation  lias  appeared.  In  such  cases,  it  may  be  asserted 
positively  tbat  the  sympathetic  irritation  will  be  cured  by  the  opera* 
rion,  and  that  usually  no  bad  consequences  will  follow  the  operation  itself. 
Of  exoeedin^ly  nire  occurrence,  however,  are  erysipelas,  secondary  hem- 
orrhage, or  mcniiigilis.  Meningeal  inflammation,  iliough  generally  fatal, 
19  si>  rare,  that  in  1866  Xettleship"  had  only  twenty-nine  cases  to 
tabulate,  while  D'Oench.*  In  reporting  five  hundred  enucleatJoiia  by 

1  Gnrfe  u-  aaemlKh.  Bi|.  Iv.  8.  ft». 

*  UpbUMlmlc  Hevlvw.  Kvtinmrr.  liW.  p.  U. 

•  AivtiiTeii  of  rrpblbBlmnlogr.  Jtiiia,  ImT. 


Kiiapp,  bad  nut  one  fiitiil  inKt»iic«  to  record.  In  six  liuiulivii  enuclea- 
tions, Wecker'  liait  only  iwo  Jeatlis — a  murtality  of  »tie-lliinl  of  one 
per  cent.;  wliile  Becker^  give*  six  hnntjred  and  forty  csrca  without  a 
sinj^lc  death  out  of  statistics  of  other  operators,  and  but  two  futal  cww* 
in  three  hundred  und  sixty  of  his  own,  neither  of  uhich  was  due  tn 
uicDiiigiti».  In  fact,  there  is  probubly  no  »ertoussurcicttloperation  thnl 
is  followed  by  bo  few  hiid  results.  Giaefe  uitribules  the  fatal  uieniiigilu' 
soTnetiraes  oecurring  after  CDuclention.  to  the  presence  of  supparaiion 
in  the  eyeball,  ntid  warn^  agiiinst  operating  in  sijcli  circuoistances.  Of 
Xettleship's  iweiiiy-iiine  cases  uf  meningitin,  tme-half  oecurre^I  after 
enuclention,  in  which  there  had  been  no  visible  suppuration  of  die 
eyeballs.  Moreover,  it  is  die  usual  pi-actice  of  the  i^uglish  hospital 
aur)zeons  and  of  many  surgeons  in  this  country  to  enucleate  suppurating 
eyeballs  where  necessary,  regardless  of  the  pi-eseiiue  of  pus,  and  with- 
out apparent  eril  results.  The  author  has  froguently  enucleated  eye- 
balls in  full  siippuratioii  without  any  untoward  conseriuenecs.  bc- 
lievtTtg  tlmt  meningitis  ia  just  lut  likely  to  occur  after  euucleation 
fur  oilier  caiise8.  In  consiilering  the  (juBHtirjii  of  mortality  after 
enucleation,  it  in  only  fair  to  ii'mcmber  tliat  there  are  also  de&thA 
from  pHnophtlialtuitis  and  from  orbital  abscess  where  no  enuclea- 
tion has  Ijeen  performed.  Webster'  has  recorded  an  instructive  case 
where,  afler  cataract  operation,  panoplitbaluiitis  appeared,  which  wu 
followed  by  death,  apparently  due  to  meningitis,  on  the  twelfth  day. 

In  rare  instances,  as  a  consequence  cither  of  bruising  the  optic  nerve 
or  the  ciliary  nerves,  ur  of  healing  the  cut  ends  in  the  cicatrix,  a 
tender  stump  may  result  which  may  give  rise  to  sympathetic  irritation 
of  the  other  eye.  This  state  is  best  remedied  liy  cutting  open  the 
stump,  and  excising  a  piece  of  the  tender  cicatrix,  together  with  the 
peripheral  end  of  the  optic  nerve. 

Cutting  of  the  optic  nerve  an<l  of  the  ciliary  nerves  of  the  primarily 
affected  eye  has  also  been  considemblv  practised.  In  these  operations 
the  gootl  results  are  often  transitory,  and,  as  the  eye  itaelf  has  usually 
been  made  unsightly  by  diseutie,  we  do  not  even  improve  the  apiHairanee 
of  the  patient,  by  ollowing  him  to  retain  such  an  organ.  The  only 
advantage  attained  by  audi  operations  is  in  saving  ttie  patient  the 
annoyance  and  expense  of  an  Hrtittuial  eye.  In  contmdistinctiun,  he 
runs  the  fearful  rijir  of  a  return  ol  the  sympathetic  disturbance  in  the 
good  eye. 

Evisceration  of  the  eyeball  (exenteratio  bulbi)  has  been  much  proo- 
tised  of  late  years  as  a  substitute  for  enucleation.  Especially  has  this  been 
done  where  there  has  been  suppuration  of  the  eyeball,  it  being  considered 
that  all  danger  of  subseif^ucnt  meningitis  is  avoided  by  this  plan  of  treat- 
ment. Mules  has  urged  that  a  better  stump  can  llius  be  obtained  for  thv 
insertion  ol'an  artitioal  eye.  Following  bis  leacliings,  small  hollow  glubefi 
of  gla-ss,  uno.xidiKable  metal,  or  ivory  have  been  introduced  into  the  cavity 
of  the  eyeball,  and  retained  there  permanently  by  the  wound  having 
been  closed  by  sutures.  In  this  way,  an  exceedingly  movable  stump  is 
obtained.     If  the  present  theories  of  the  causation  and  transmission  of 
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fyiopftthetic  opbtlmlmta  are  correct,  it  is  cvidont  that  the  operation 
ouiuDt  always  b<!  an  innocaouB  ooe,  as  the  optic  Derve  islefl  attached  to 
tfaeBtaiDp,  furnishinjr  a  ready  channel  to  tninsmit  any  infectious  gernis 
leftbehinilin  the  remnants  of  the  eyeball  to  the  fellow-eye.  Moreover, 
diaical  experience  I'liows  that  vinletit  inilHinrmition  of  tlie  urhital  tlaeiieff 
uf  the  same  side  snmetimes  follows  evisceration.  Recently  Sclmlek 
iiw  reported  two  deaths  following  the  operation.  On  the  other  hand. 
Bnnge'  reports  two  hundred  and  forty  eviscerationa  performed  at  Alfred 
tiraefe's  clinic,  in  none  of  which  wtis  there  any  serious  accident. 

Mackenzie,'  who,  at  the  time  he  firt^t  doitcribed  the  disease,  rccoe- 
niied  the  different  channeU  through  which  it  might  ho  propagated, 
tells  aa  that  ''  It  in  not  )ui;irohahle  that  the  bloodves'selK  on  the  side  of 
llie  injure«l  eye.  being  in  the  state  of  congestion  wliich  attends  itiflam- 
initioD,  communicate  to  thoi^e  of  the  opposite  side,  with  which  they 
lUTe  connections  within  the  cranium,  a  disposition  to  the  same  state  in 
"ubich  they  themselves  are.  The  clh'ary  nerves  also  of  the  injured  eye 
may  be  the  means  of  conveving  to  the  third  and  fifth  nerves  an  irrita- 
tion which  may  bo  reflected  from  the  brain  to  tlio  same  nerves  of  the 
opposite  side.  I  think,  however,  that  the  chief  medium  through  which 
sympathetic  ophtholmitiij  is  excited,  is  the  union  of  the  optic  nerves." 
Id  later  years,  the  theory  of  communication  througli  the  optic  nerves 
has  been  abandoned,  because  it  has  been  found  that  the  inflammation 
occurs  where  there  could  he  no  transmission  of  nerve-impulse,  namely, 
in  cases  where  there  is  complete  atrophy  of  the  optic  nerve  on  the 
primarily  affected  side.  The  theory  of  reflex- irritation  throuj^h  the 
ciliary  nerves  has  also  been  almost  exchisivolv  held,  because  the  irritative 
symptom  subsides  so  rapidly  and  completely  after  enucleation,  and  be- 
GSDse  where  severe  blepharospasm  occurs,  the  symptoms  so  resemhte 
thrtHc  which  are  jieen  in  that  form  of  disrurbnnce  ordinarily  produced  by 
reflex  action  from  the  branches  of  the  trigeminal  nerve  in  the  conjunc- 
lira  in  phlyctenular  keratitis,  or  in  those  cases  in  which  a  foreign  body 
is  present  in  the  conjunctival  sac.  Moreover,  in  a  certain  number  of 
instaDces,  the  ciliary  tenderness  provoki'K]  by  pressure  is  manifest  in  ex- 
actly  corresponding  regions  of  the  two  eyes. 
Keceat  writers,  especiallv  Deutschmann,'  consider  the  affection  an 
.splUhalmia  miffrmis,  ctiuaetl  by  the  wandering  of  micrococci  and  in- 
'  taromatory  products  from  one  eye  to  the  other.  This  author  was 
unable  to  prove  this  completely  by  experiments,  because  the  injection 
of  pure  cultures  of  staphylococcuB  pyogenes  aureus  into  the  vitreous  of 
6ne  eye  of  rabbits  caused  so  violent  an  iuflainmation  of  the  meninges 
''that  tne  animals  died  of  nieningitiH  before  (in  Di:utsclimann'>«  njiinion) 
theiw  was  time  for  the  development  of  ?iyinpa.thetic  ophthalmia.  When, 
to  avoid  this  accident,  the  same  staphylococcus  was  ii>iected  between 
ihe  dura!  and  pial  sheaths  of  an  optic  nerve,  iritis  and  hypopyon  on 
the  same  side  developed  on  the  third  or  fourth  day.  This  author  be- 
lieves that  when  ycnrs  intervene  between  a  penetrating  wound  of  the 
eye  and  the  development  of  sympathetic  ophthalmia,  the  micrococci 
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b&ve  remaine<l  alive  atii]  have  in  some  vay  b^n  fioallj  calW  inta 
renewed  activity.  Giflbrd'a'  experiments,  although  pointing  in  tlie 
same  direction,  varj  in  detail.  He  proved  that  the  infiltration  rf 
the  vfflaela  could  not  be  traced  in  the  optic  nerve  beyond  tbe  eii: 
of  the  central  retinal  vessels,  and  that  the  micrococci  themselrei 
were  limited  to  the  vitreous  q(  the  eye  iintQ  which  they  w^re  in- 
jected. He  found  that  the  bacilli  of  anthrax  or  splenic  fever  were 
micro-organisms  capable  of  living  in  the  lymph  -without  exciting  iri' 
tense  intiammation,  and  that  they  could  be  carried  by  the  Ijmpb- 
straim  from  one  eye  to  the  space  around  the  chorioid  in  the  other,  Hs 
thinks,  that  the  path  taken  by  thes-e  organisms  is  from  the  vitreous  of 
one  eye  along  tbe  chorioidal  vessela  into  the  orbit,  thence  alou^  tbe 
central  vessela  into  the  cranial  cavity,  and  finally  down  the  intra-vaginai 
apace  of  tbe  optic  nerve  ou  the  othet  side-  More  recently,  RandolpJi,' 
experimenting  on  fifteen  dogs  by  injection  of  staphylococcus  aureoa 
into  the  vitreous,  failefl  in  any  instance  to  produce  sympathetic  oph- 
thalmia. He  usually  provoked  a  suppurative  jMin ophthalmitis  in  the 
attacked  eye,  the  infiltration  extending  hut  a  short  distanee  backwanl 
through  the  optic  nerve. 


'  ArohlTffl  at  Obhiliftlinoloei'.  toI.  xv.  i>p.  381^95. 

'  Ibid,,  vjjl,  iTil,  pp.  isa-aiii. 
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DISEASES  OF  THE  CONJUNCTIVA. 


P 


//i/perepjuia  of  the  conjuncfiva  is  very  frefjuent  in  those  subjects  whose 

*^A»  are  daily  t^etl  with  mniiy  hours  of  attentive  observation  uf  minute 

•'yects  at  short  distances.     The  vessels  which  normally  form  a  network 

•"iih  rather  coarse,  elougated  ineshea  in  the  conjunctiva  of  the  upper 

■pd   lower  tarsus,  become  wider,  whilBt  those  branches  not  ordinarily 

'"isible,  are  readily  diacerncd.     From  the  increased  circulntion  in  its 

Papillte,  the  upper  part  of  the  laraul  cunjunctivu  appwira  more  velvety. 

*^  stvere  cases,  there  is  a  slight  pericorneal  flush,  with  an  increase  in 

the   vascularity  of  the  bulbar  conjunctiva.     The  lids  are  heavy  and 

*"«y  droop.     Their  bloodvessels  swell  and  become  prominent,  and  the 

^iges  of  the  eyelids  along  the  roots  of  the  lashes  are  reddened.     There 

**_    increased  secretion  (net'orrh'e'i)  of  the  glands  at  the  root*  of  the 

'^^liu,  and  at  tlic  orifictvs  of  llic  Meibomian  glaiuU.     Ah  u  eonscr|ucnco 

*^*f  (he  seborrhea,  numerous  white  parriclca,  consisting  of  dried  secro- 

*  »'Jii  and  epithelial  Bcales,  are  found  adhering  to  the  laatit's  and  ai^joiu- 

^ Pigskin.    Tlie  eyes  burn  anil  feel  hut.   At  times,  they  itch  and  become 

"^Wfatery.     Especially  is  this  so  when  they  are  exposeti  to  artificial  light, 

^vbacco  smoke,  or  other  irritants,   llvpenemJa  may  not  only  appear  froia 

Overwork  of  the  eves,  especially  in  feeble  or  aniemic  patients,  but  may 

Vie  a  sigD  of   reflex  congcalion.  caused  by  the  strain  undcrgotto  in 

«iltempting  to  overcome  uncorrected  ametropia. 

Careful  search  shouhl  be  made  for  optical  defects,  and  if  prt»sent,  th«y 
ehoulii  be  corrected  by  proper  glasses.  Frerjuently,  red  and  congested 
eyes  which  have  resisted  the  use  of  wilvci  and  collyria,  can  be  thns 
permanently  cured.  When  the  case  is  chronic,  a  »alve  of  yellow  oxide 
of  mercury  may  be  advantageously  nihbeti  into  the  edges  of  the  lids^ 
Buruing  and  discomfort  muy  be  allayed  by  tbe  use  of  a  wash  of  boric 
acid  and  oocaine.  Diminution  of  the  hours  of  labor,  exercise  iu  the 
freab  air,  and  the  internal  exhibition  of  iron  and  quinine,  should  bo 
resorted  to  where  ov»?rwork  anil  una-min  are  the  causes. 

Catarrh  of  the  eonjunctivfi.  The  Hymptom«  of  this  di.-4ease  arc  red- 
ness and  increased  vascularity  of  the  membrane,  swoUtng  at  the  retro- 
tarsal  foida,  serous  infiltration,  and  a  change  in  tbe  character  of  the 
secretion.  It  usually  attacks  the  tarsal  conjunctiva  and  the  retrotarsid 
and  semilunar  folds.  The  bulbar  conjunctiva  is  alfected  only  in  severe 
cases.  The  conjunctiva  of  the  lids  may  either  have  d.  slight  increase  in 
its  injection,  or  a  uniform  scarlet  tint.  The  i-elrotarsal  folds  are  red- 
dened and  swollen,  and  the  tears  contain  numerous  shredsj  of  floccutent 
muctis.  Where  secretion  is  abundant,  tbe  watery  particles  C!iu8<i  ilifTnic- 
tion  of  light  and  an  appearance  of  rainbows  aronnd  bright  points  of  illu- 
miaatjon,  as  they  float  down  over  tlie  cornea.     Shreds  of  mucus  become 
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entangled  in  the  eyelashes  during  sleep,  ami,  upon  drying,  form  reJittw 
cvusts  along  the  lids.  These  cruste,  if  not  remove*!,  often  so  mat  tiie 
eyelashes  of  the  upper  and  lower  lids  wgether,  that,  upon  the  patient's 
awakening  after  a  long  sleep,  he  niuy  he  unable  to  open  tbe  eyelids 
niitil  he  haa  Roficnod  and  removed  tlie  secretion.  Coniplnints  are  midi! 
of  dryness,  burning,  and  pi-icking,  and  of  a  feeling  sa  if  a  foreign  bode 
vrere  ^ituutol  under  the  upper  tid.  All  these  symptoms  become  marked 
towanl  evening,  and  are  aggravated  by  artiticinl  light.  In  severe  epi- 
demic forms,  whiere  the  bulbar  conjunctiva  is  involved,  there  is  niark«l 
pericorneal  injection,  with  «fdema  around  a  slightly  hazed  come*.  At 
times,  there  are  shallow  ulcers  on  the  cornea  near  the  margin.  Thewue 
caused  by  a  loss  of  epithelium.  The  lids  are  swollen,  and  there  ire.it 
times,  slight  hemorrhage.^  into  the  cotijunctivii.  In  old  people,  the  svell- 
ing  of  the  bulbar  conjuni-tivu  ■!<;  usually  more  marked.  In  chronic  z^m 
B  condition  known  as  an/fular  ophthalmia  is  found.  This  consists  in 
an  excoriation  of  the  temporal  e«lges  of  the  upper  and  lower  eyelid). 
In  such  caaea,  the  mw  surfaces,  being  in  apposition,  are  apt  to  unite  ami 
cause  [1  diminution  o|  the  palpebral  fissure.  Another  fonn,  known  ai 
puilular  ratarrh,  is  sometimes  encountered  in  young  people.  It  '» 
aecomiiaiiied  by  iho  formation  of  small,  yellowisii-gray  promiDonea 
near  the  cornea,  which  appear  like  pii.^^tiileii.  When  examined  with  i 
mngnifying-glass,  tliese  are  seen  to  be  prominences  with  overlying  sbal* 
low,  infiltrated  ulcers.  The  pustules  are  surrounded  by  nn  area  of 
reddened  and  vascular  conjunctiva.  This  form  of  catarrh  doec  not 
differ  materially  in  its  course  from  other  severe  forma. 

Oonsectitivt'  catareh.  Symptoms  of  n.  low-grade  catarrh  due  to 
an  obstruction  of  the  nasal  duct  and  an  inQammation  of  its  \wM 
membrane  are  frequently  encountered.  On  account  of  the  dimiiiislin 
calibre  of  the  canal,  the  tears  cannot  readily  flow  into  tbe  nose.  Coft- 
Bequently,  they  escape  over  the  margin  of  tbe  lid.  and  run  dowo  drt 
check.  In  their  passnge  tlirougli  the  conjunctival  9ac.  they  infect  mJ 
irritate  it.  Unless  the  obstruction  of  the  tear-duct  be  removed,  treat- 
ment will  be  una^Tiiling. 

Follicular  catarrh.  By  this  term,  many  writers  designate  a  cntanbl 
state  of  the  conjunctiva  in  which  there  is  a  great  development  of  tli* 
lymph  follicles  of  the  tis-taes.  resembling  trachoma,  but  differing  baa 
Uiat  affection,  in  that  it  does  not  go  on  to  the  formation  of  (ibroas  tiwu 
and  cicatrices.  The  prominences  are  ova!  in  form,  reddish -yellow  is 
color,  and  are  most  abundant  on  tbe  lower  retrotarsal  fold.  It  ii  tlv 
belief  of  the  author  that  it  is  in  no  wise  a  special  form  of  disease,  bi^ 
that  it  is  rather  a  swelling  of  the  lymph  foUiclea,  which  may  accompuiT 
eitlier  catarrh  or  granular  conjunctivitin.  It  is  usually  found  in  youtif 
persons.  Ho  further  helieve-s  that  we  mui^t  he  in  possession  of  a 
more  complete  knowledge  of  the  bacteriology  of  the  conjunctiw- 
before  a  proper  place  can  be  assigned  it  among  the  diseases  of  lli>i 
membrane. 

Pericorneal  rpiihtlutl  hypertrophy;  Spriiu/  ciUarrh.  The  typic»l 
form  of  this  affoction  occurs  in  children  and  adolescents.  There  is  » 
pericorneal  swelling  of  the  conjunctiva,  which  is  red<ltsb-gniy  in  eolor. 
This  swelling  is  usually  limited  to  the  outer  and  inner  sides  of  tbe 


D1SBA.8BS    or    THE    OOXJONCTIVA. 

with  it.  A  stronger  solulion,  such  as  the  old-fasliioned  A<pM  Cotvradt',^ '» 
excfiltcnt.  It  should  Iir  applied  hot  in  compiTsses  to  the  clniwl  lids,  i  Btde 
being  ftUoived  to  enter  the  palpebral  fissure.  The  sulphates  of  xinc  and 
cadmium  in  solution,  two  grains  to  the  ounce,  are  effective,  u  is  tlu 
the  same  strength  of  the  acetate  of  zioc.  Alum,  either  iu  crjttal, 
■wiped  o\CT  the  everted  eyelids,  or  in  solution  of  the  strength  of  riglil 
grains  to  the  ounce,  may  be  used.  In  such  cases,  poulticing  is  objeo 
tiouuble.  An  the  popular  iipplicatious  of  tea  leaves,  alum  curds,  ot 
broftd-nntl-iriilk  poultices,  if  long  and  corttinuoiwly  applied,  iumIIv 
incrcajie  tlie  swelling,  redneM.  and  discharge,  and  atigment  the  ten- 
dency to  secondar}'  iritis,  tlicy  should  be  <liscDuntenaDced.  Uol 
water,  if  used  at  a  temperature  of  115**  to  120°  Fahrenheit  on  the 
closed  lid^  for  short  periods,  oltcn  acts  as  a  stimulant.  The  tmtmHit 
of  pericorneal  opitholial  hypertrophy  should  consist  in  the  ftpplictiiaD 
of  the  mildest  detergent  washes  to  tlie  conjunclii-a,  with  the  iulenial 
adminiatracion  of  i|uinine,  iron,  or  araenious  acid. 

If  the  eye  he  kept  quiet  and  clean,  and  all  irritantn  and  near-worl 
are  avoided,  uncomplicated  ca^etf  of  conjunctival  catarrh  irill  usually  grt 
well  in  less  than  two  weeks'  time.  The  duration  will  he  diminiahcd, 
and  discomfort  and  pain  much  alleriited,  by  the  treatment  above  laiJ 
down. 

Croupous  eonjunt^tivitia   is  seen   in   children.     The    tarsal  mnem 
membrane,  and  at  ttinea,  the  rctrotarsal  foldi  and  bulhar  conjunctiva^ 
are  covered  witli  a  layer  iif  yellow  exniEatioii,  which,  when  stripped  Oflf 
disclose^i  a  mw  imd  perhaps  bleeding  surface.     Usually,  there  ia  gn^^l 
swelling  of  the  lids,  causing  the  affection  to  simulate  purulent  conjanc- 
tivitis. 


eve 


Qot-water  compresses  should  be  apniied  to  the  lids,  and  changed 
elvfew  minutes,  day  and  night.     Ihe  conjunctival  sac  should  be 


frec|uently  washed  wilh  a  solution  of  boric  acid.  Atropine  should  be 
applied  8uflicientty  often  to  keep  the  pupil  dilated.  After  the  exuil&tioo 
has  been  thrown  off,  and  the  conjunctiva  of  the  lids  has  become  bright- 
red,  the  case  should  be  treated  like  any  ordinary  catarrii.  In  all  cum, 
aome  purgative  that  pruduceH  watery  evacuations,  should  be  administered. 
Tonic  doses  of  quinine  should  be  given,  care  being  taken  to  improve 
nutrition  by  digestible  concentrated  food. 

Purulent  fonjunetivitis.  This  dread  disease  may  present  <mly  the 
symptoms  of  catarrh  for  the  first  twenty-four  hours.  During  this  brief 
period,  lacrymation  and  photophobia,  with  burning  pain  and  the  sen- 
sation of  a  foreign  body  under  the  lid,  may  bo  its  only  symptoms. 
Clinical  experience,  as  well  a.-^  the  direct  experiments  of  Piringer,  show, 
however,  that  when  it  is  caused  by  inoculation  with  the  discharge  of 
another  inBamed  eye  at  the  stage  of  full  suppuration,  or  by  inoculation 
vith  pus  of  an  active  gonorrhtca,  the  period  of  catarrh  is  usually  of  only 
six  or  eight  hours'  duration.  According  to  this  author,  the  disease  that  is 
caused  by  inoculation  of  contagious  matter  from  the  fint  stage  of  puru- 
lent ophthalmia  is  much  slower  in  its  developiuent.  In  either  case, 
commencing  as  a  catarrh,  red  onlema  and  Hwelling  of  the  lids  with  gray 

>  ThlaU  cnntprmwlof  nnoulithlli  iif  ■  |;ra1ti  iiT  biclilarije  of  mercury  with  Uiiwot  ftxirdTDfi 
of  Sydwbam'o  laudflLnum  aiiu  miuftrtcrol  h  <troca(ii  of  qulnce-aeeit  muclUm,  u  Uwonattof 
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tDfiltration  of  the  coDJanctira  lining,  accompanied  asuallj  by  intense 
pain  and  some  fever,  soon  appear.  The  lids  swell  so  aa  to  form  a  pro- 
jecting sensitive  tumor,  and  are  so  tightly  closed,  that  the  patient  cannot 
open  them ;  while  drops  of  yellow  pus  hang  on  the  lashes  to  form 
Croats.  Upon  opening  the  eye,  pus  gushes  out,  and  the  bulbar  con- 
junctiva is  scarlet  in  tint.  In  severe  cases,  it  is  chemotic,  projecting 
over  the  cornea  so  aa  to  partly  or  entirely  hide  this  membrane.  On 
the  third  or  fourth  day,  the  disease  attains  its  height.  Later,  the  natural 
wrinkles  in  the  skin  of  the  eyelids,  begin  to  return.  In  fiy)m  four  to 
six  weeks,  the  disease  will  have  run  its  course. 

The  inflammatory  condition  is  dangerous  in  precise  proportion  to  the 
amoant  of  corneal  inflammation  and  ulceration  that  is  produced.  In  severe 
cases,  ulcers  form  at  the  periphery  of  the  cornea.  These  are  especially 
found  near  the  lower  corneal  border.  They  are  usually  semilunar  in 
shape,  and  their  bottom  is  generally  yellowish-gray  and  opaque.  The 
entire  cornea  is  more  or  less  clouded.  When  they  ulcerate  into  the 
anterior  chamber,  the  aqueous  escapes.  Coincident  with  this,  there  is 
generally  a  subsidence  of  the  pain  and  decrease  of  the  inflammation. 
With  the  escape  of  the  aqueous,  there  is  usually  a  prolapse  of  the  iris 
into  the  wound.  If  the  prolapse  be  small,  it  may  heal  with  the  presence 
of  anterior  synechia  (attachment  of  the  iris  to  the  cornea).  When  it  is 
larger,  it  becomes  covered  with  a  layer  of  lymph,  which,  giving  way 
under  intra-ocular  pressure,  forms  a  protrusion  of  the  anterior  portion 
of  the  eyeball.  This  is  technically  designated  as  an  anterior  gtaphyloma. 
When  some  remnants  of  corneal  tissue  and  bands  of  lyraph  remain  in 
the  cicatrix,  the  thinned  and  dilated  iris  is  pressed  forward  by  the 
aqneoDB  and  projects  between  these  bands.  This  form  of  staphyloma 
is  said  to  be  racemose.  When  the  projection  involves  only  a  part  of 
the  cornea,  it  is  described  as  a  partial  staphyloma.  When  it  involves 
the  entire  area,  it  is  said  to  be  a  total  staphyloma.  Every  such  pro- 
jection, consists  of  the  thinned  and  dilated  iris  with  bands  of  newly- 
formed  connective  tissue  and  remnants  of  the  cornea.  Where  the  entire 
cornea  is  destroyed  by  inflammation,  the  anterior  surface  of  the  eye- 
ball is  found  to  be  composed  of  a  mass  of  granulations  that  sprout  from 
the  anterior  snr&ce  of  the  iris.  In  such  cases,  and  in  many  of  the 
lesser  forms,  there  may  he  a  general  purulent  inflammation  of  the 
chorioid  and  of  all  the  tissues  of  the  eye  {panophthalmitis),  which  even- 
tuates in  a  shrinking  of  the  globe  to  a  small  and  sightless  stump. 

If  the  eyelids  are  everted  while  the  disease  is  at  its  height,  intense 
swelling  of  the  retrotarsal  folds  and  an  enormous  development  of  the 
papillse  of  the  conjunctiva  over  both  the  upper  and  the  lower  tarsus,  will 
be  found.  The  papillse  are  often  found  to  be  projecting  and  villous. 
At  times,  in  consequence  of  mutual  pressure,  they  are  flattened.  At 
this  stage,  the  entire  bulbar  conjunctiva  has  a  dark  bluish-red  hue, 
which  is  due  to  venous  congestion.  As  the  disease  subsides,  the  circu- 
lation becomes  more  active,  and  the  color  of  the  conjunctiva  becomes 
more  scarlet.  The  secretion  varies  in  amount,  appearance,  and  char- 
acter. At  times,  it  is  flocculent  and  plastic :  again,  it  partly  covers  the 
lids  with  a  yellow  croupous  exudation;  in  other  cases,  it  is  more  yellow 
and  fluid. 


Tlie  pati«nt  shoulii  he  jmt  (o  bed,  not  only  for  the  belter  appll 
ttoii  of  the  local  dresitingit,  but  also  to  keep  liiin  at  an  equabi' 
pemtiire.  The  light  in  the  room  should  be  modoratetl.  Iti  the  carW 
stages,  compresses,  cooled  by  lying  on  a  block  of  ice,  ehouM  be  applied 
to  uic  closed  lids,  ami  renewed  every  half-minute,  day  and  night.  This 
treatment  goes  far  to  limit  the  amount  of  extidntion.  Compressofl  which 
have  been  used  several  tJDiCB.'iliould  be  destroyed,  so  as  to  prevent  them 
from  becoming  sources  of  inoculation.  The  lids  should  he  gently  sepn- 
fHled  every  few  hours  (from  one  to  three),  and  the  coojuuclivnl  sac 
shnuUl  be  washed  with  ihe  standard  solution  of  bichloride  of  luorcury. 
Snliihate  of  atropine  nhonld  ho  instilled  into  the  eye  suiBcicnlly  often 
to  keep  the  p\ipil  dilated  ad  maximum.  At  times,  if  the  comeH  has 
ulcerated,  cold  compre^wes  may  be  exchanged  for  hot  ones.  These  shouM 
be  wrung  out  of  water  brought  to  a  temperature  of  115"  to  120°  Fahren- 
heit, ond  should  benpplietl  in  the  same  manner  as  the  cold  ones.  When 
the  swelling  of  the  lids  has  somewhdt  diminished,  and  (he  secretion  has 
become  ruurkedly  purulent,  the  lidit  uhuutd  be  everted  and  their  cou- 
jiinctival  snrfaetfH  hrunliod  with  a  teti-grain  Bnltilimi  of  nitrate  of  silver. 
The  silver  solution  should  ho  allowed  to  remiuii  sufficiently  long  to  caase 
the  formation  of  a  faint  whitish  layer.  The  cxce&s  of  the  nitrate  should 
be  removeil  witli  a  solution  of  salt.  In  cases  where  there  is  a  great 
development  of  the  papilltu,  the  mitigated  stick  of  nitrate  of  silver,  fol- 
lowed by  flushing  with  a  solution  of  common  salt,  is  preferable  to  the 
solution.'  To  use  it  properly,  re<)uire3  slcillod  fingers  and  trained  judg- 
ment, the  object  being  not  to  Jeetruy  the  conjunctiva,  but  to  stiuiulaie 
circulation  and  get  ritlof  secretious.  In  the  opinion  of  the  author,  the 
strength  of  the  solution  is  far  less  important  than  the  manner  of  its 
application.  Thus,  if  the  eye  be  thoroagbly  cleansed,  and  a  ten-grain 
solution  bo  passed  lightly  over  the  surface  two  or  three  times  by  a 
cotton  Bwab  freshly  charged  each  time,  the  effect  of  a  twenty-  or  thirty- 
grain  solution  as  ordinarily  applied,  will  be  readily  attained.  On  the 
Other  hand,  if  the  bruah  be  but  moderately  charged,  and  passed  lightly 
and  nipidly  over,  and  insrjiiitly  followed  bv  the  free  application  of  the 
salt  water,  a  very  moderate  effect  will  roault. 

When  pain  is  severe,  it  often  becomes  acccRstary  to  resort  to  subcuta- 
neous injections  of  morphine  in  the  temple,  or  to  employ  the  internal 
use  of  opium.  When  one  eye  is  affected,  the  fellow  should  be  protected 
with  a  bandage,  so  as  to  prevent  infection.  A  watch-glass,  with  ad- 
hesive plaster  around  its  edgcii,  furms  a  good  shield,  and  at  the  same 
time  allows  the  patient  to  see.     As  the  discharge  is  eminently  contn- 

fious,  it  is  necessary  that  ail  handkerchiefs,  rags,  or  sponges,  that  have 
pen  used  should  be  hnmt  or  thrown  away.  In  washing  such  eyes, 
the  surgeon  and  attendants  should  be  careful  not  to  get  the  secretion  in 
(heir  own  eyes.  Although  the  expeiimcnts  of  Piringer  show  that  pus 
becomes  innocuous  when  it  is  cither  dried  on  n  rag  or  towel  for  seventy- 
two  hours,  or  is  freely  diluted  with  water,  nevertlioless,  it  ia  beat  to  boil 
all  linen  or  cotton  materials  which  may  he  soiled  witli  the  discharge. 
Care  should  be  taken  to  wash  and  disinKnit  the  hands, by  the  free  tise  of 
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und  water  nod  a  solution  of  bichloride  after  dressing  such  cases. 
The  fingernaiU  should  tw  cleansed  witli  a  nftil-bnisli.  Wlicn  tlio  con- 
junctiva becomes  smootlier  and  less  jjapilUr)-,  and  llie  secretioti  dimin- 
ishea,  wenJter  solutions  of  llie  nilnite  cif  silver,  alum,  and  glycemle  of 
tannin  are  beneficial.  Later,  the  ointment  of  the  yellow  oxide  of  mer- 
cury is  advantageous. 

The  prognosis  in  adults  is  always  serious,  even  if  the  patient  be  seen 
at  the  outset  and  is  skilfully  treated.  Under  the  moat  favorable  circuui- 
stances,  there  will  always  be  a  considerable  percentage  of  ca-^os  of  total 
loss.  Often  great  impairment  of  vision  results  from  the  fonnation  of 
comeul  maculK  and  partial  Ktaphylomata.  Out  of  21o  eyee  all'ected 
trith  thii^  di<4t>nrie  and  treated  in  ^foorfieldn  Ko-ipital,  30  were  lost 
entirely,  while  the  cornea  was  badly  damaged  in  T4.' 
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Fig.  1 92,  shows  an  eye  where  the  cornea  has  been  destroyed  to  the 
UmbuB.    The  iris  is  laid  bare,  and  projects  through  whitish  bands  which 

tconsi.st  of  remnants  of  the  cornea  with  lymph.  The  evertetJ  li>wer  lid 
exhibits  tiumerot).^  wart-likc  papillse.  Several  ovoid  follicles  can  be 
twn  in  the  rctrotursa!  fold. 

Ophthalmia  neonatorum.  This  form  of  purulent  conjunctivitis  is 
generally  due  either  to  infection  during  the  pussuge  of  the  head  through 
Mie  maternal  passages,  or  to  (^ocrclidii,  which  has  butlied  tlie  lids  and 
adhered  to  the  eyelashes,  finding  'i\a  way  into  the  conjunctival  sac 
immediately  after  birth.  Where  either  of  these  occurs,  a  purulent 
inflammation  of  the  eyes  appears  between  the  first  anil  third  days 
ftfler  birth.  If  the  outbreak  occurs  later,  the  infection  may  usually  be 
trMed  to  some  carelessness  by  which  contaminated  lochial  secretion 
has  fbtud  Its  woy  into  the  child's  otcs.  If  the  case  occurs  in  a 
t]jing-in  hospital,  tlie  traiisference  of  tlie  disease  may  be  from  the  eye 
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of  another  chiU).  When  the  mother  has  not  had  gonorrh'ea  or  leucor- 
rha?s.  the  lochia!  secretions  ore  said  not  to  produce  any  elfect. 

The  symptoms  are  those  d«scribeil  under  purulent  conjunctivitis,  but 
here  the  swelling  of  (he  lids  is  wore  palliil  than  it  is  in  the  adalt. 

The  disease  in  a  frc<iuciit  cause  of  blindness.  The  siaiistica  of  blind 
iisyluine  show  that  from  thirty  to  sixty  per  cent,  of  the  inmates  are 
there  from  this  cause.  In  combined  reporii)  of  various  institutions,  the 
percentage  averages  abont  forty  in  one  hundred.  Harlan 'has  found 
thirty-two  per  cent  in  the  blind  asylum  of  this  city.  Inasmach  as 
young  persons  are  always  given  the  preference  in  udmission,  h!ind- 
iisvlucu  statistics,  however,  probably  overstate  the  relative  frequency  ol 
bhndncss  from  this  cause. 

Sineo  ophthalmia  neonatorum  is  so  fruitful  a  source  of  blindness. 
every  eflurt  should  be  madtf  to  prevent  its  occurrence.  As  long  mo  as 
1807,  Gibson,'  who  believed  that  infection  by  the  secretions  of  the 
vftgina  of  the  mother  was  the  common  cause  of  the  affection,  laid  down 
three  admirable  rules  for  the  prevention  of  the  disease  :  "  1.  To  remove, 
if  possible,  the  disease  of  the  mother  during  prepnancy.  2.  To  remove, 
artificiuHy,  as  much  of  the  discharue  as  possible  from  the  vagina  at  the 
time  of  delivery.  3,  To  pay,  at  all  events,  particular  attention  to  the 
eyes  of  the  child,  by  washing  them,  immediately  after  delivery,  with  a 
liquid  calculated  to  remove  the  offending  matter  and  to  prevent  its  noi- 
iotifl  effet'tfi."  For  dii^infectioii  of  ttte  vagina,  sohitions  of  carbolic  acid, 
of  salicylic  acid,  and  of  borax  have  been  usually  employed.  That  care- 
ful and  thorough  washing  of  the  eye»  wilt  go  far  to  prevent  infection,  is 
shown  by  the  experiments  of  Piringer,  in  which,  even  three  minutes  after 
the  introduction  of  hlenniorrhGeic  pus  into  tho  conjunctival  sac,  careful  and 
thorough  washing  prevented  ihe  development  of  the  disease.  In  every 
case,  clean  water  and  freiih  pads  of  absorbent  cotton  should  be  used  to 
wai^h  the  eyes  of  the  newborn  chihl.  The  practice  of  using  the  same  sponge 
or  the  same  water  to  wash  tho  eyes  that  has  been  employed  In  cleansing 
the  body  of  the  child,  is  reprehensible,  and  is  likely  to  cause  the  disease. 
Tn  the  lying-in  hospitals  of  Germany,  Cred6  introdncetl  the  practice  of 
first  washing  the  eyes  with  water,  following  this  by  the  instillation  of  a 
drop  of  a  ten-grain  solution  of  nitrate  of  silver  from  a  clean  glass  rod. 
This  practice  has  been  highly  successful  in  diminishing  the  number  of 
cases  in  such  institutions,  and  no  better  examples  of  hi  good  effect  can 
be  given  than  thoxe  citetl  in  tlie  observations  of  Koenigstein,'  where  the 
results  obtained  without  treatment  are  compared  with  tho.se  obtained  by 
the  use  of  carbolic  acid  and  nitrate  of  silver: 
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The  chihl  should  be  laid  on  its  back^  and  its  head  placed  between 
the  knees  of  the  person  who  undertakes  to  treat  it.     An  assistant, 
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Mkil  in  front,  sbotilil  hold  its  body  in  his  lap  and  secure  the  hands. 

Tbe  &gure  of  the  lids  should  be  gently  opened  by  palling  on  tlic  skin 

<!f  \\it  eyelids  above  the  nppcr  nnd  bolow  the  lower  tarsuc.     When  the 

ciild  erics  and  struggles,  thia  mantfuvre  will  often  result  in  eomplete 

ercpgion  of  both  lids.     Where  tbis  fails  to  take  place,  tlie  li<l»  should  be 

«f(fruately  evertetl  and  held  open,     Tfie  conjinictival  snc  should  be 

tfjiimtighly  clennsed  with  the  atJindard  bichloride  of  mercury  solution. 

%\n  method  of  application  should  be  repeated  every  hour.     A  four- 

gniii  solution  of  alum  or  a  ten-grain  solution  of  boric  acid,  also  makes 

an  efficient  wash. 

The  pbysiciiin  should  make  chose  applicatinnfi  at  leiujt  once  daily.  If 
there  be  no  croupous  exudation  and  there  is  no  considerable  gmy  infil- 
tration, tlie  conjunctiva  can  be  thoroughly  cleansed  and  a  tcn-gruin 
'olmion  of  nitrate  of  silver  applial  freely  to  the  everted  lids.  The  excess 
Bhonld  be  neutralize*!  with  a  solution  of  salt.  If  there  be  any  corneal 
•**©  or  ulceration,  ii  four-grain  solution  of  sulphnte  of  ntropinc  should 
"^  used  sufficiently  often  to  maintain  full  dilatation  of  the  pupil.  Thia 
*^«atment  will,  in  the  great  mnjority  of  cases,  cure  the  diseaisc.  lu  fact, 
'•'tinay  eay  it  will  invariably  save  the  eyes,  if  the  patient  be  seen  before 
*<}oenilion  ha«  occurred.  This  result  presents  a  marked  contrast  with 
^)ial  which  is  obtained  in  the  treatment  of  purulent  cunjunativitis  of  adults, 
"^liere.  even  with  the  most  careful  treatment,  a  considerable  proportion 
^^feyes  are  lost.  In  tnost  in.stance8  the  disease  has  nttacked  both  eves, 
if  but  one  eye  is  involved,  it  will  be  almost  impossible  to  apply  any 
J>ropcr  proteciirc  dressing  to  the  other  and  keep  it  in  place.  In  such 
VA8G0,  tC  is  obligatory  to  content  oneself  with  carefully  cleansing  the 
affected  eye,  and  preventing  the  child  from  rubbing  the  eyc.i.  The 
atteodanta  have  instructions  given  to  them  as  to  the  necessity  of  having 
Beporate  cleansing  materials  fur  the  use  of  the  child. 

J^iphUt'-ritic  ronjunrtivifts  is,  fortunately,  of  rare  occurrence  in  this 
country.  la  some  cases,  there  are  scattered  patches  of  a  dull  gray 
color,  which  are  surrounded  by  a  swollen,  reddened,  and  cccbymotic 
condition  of  the  conjunctiva.  Where  the  entire  conjunctiva  is  invaded, 
the  membrane  loses  its  normal  appearance,  and  is  converted  into  a  gray, 
sntta-pereha-like  mass,  which  resembles  the  condition  seen  after  a  burn 
from  staking  Unie  or  niinenil  acids.  There  is  swelling  of  the  litis,  which, 
with  ihegulta-percbii-like  toughness  of  tin-  infillnititiri,  renders  theui  so 
hard  and  board-like,  that  it  is,  at  times,  impossible  to  evert  them  without 
employing  an  aniesthetic.  There  is  intense  pain.  At  first,  the  secretion  is 
thin,  with  sufficient  Hocculi  of  mucus  and  pus,  and  Mood-globules  to  give  it 
a  flight,  red  tinge.  Wbeu  tbedisease  advances,  and  the  membmne  is  thrown 
off,  the  discharge  becomes  thicker  nnd  is  more  purulent.  As  in  the  purulent 
form  of  the  disease,  secondary  involvement  of  the  cornea,  constitutes  the 
main  danger  of  the  affection.  Where  extensive  exudation  occurs  in  the 
bulbar  conjunctiva,  tliere  is  »  formation  of  large  yellow  infiltrated  ulcers 
of  thnt  membrane.  These,  through  their  tendency  to  spread  and  per- 
forate, at  times,  involve  the  deeper  structures,  and  lead  to  the  dcBtruction 
of  the  eye.  The  secretion  is  extremely  contagious.  Where  there  are 
ulcers  of  the  edges  of  the  lids,  or  of  the  angles  of  the  mouth,  these 
filtoations  become  infiltrated  with  the  same  tough,  gray  exudation,  which 
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always  leaves  penoanent  scan  from  cicntrizution.  At  a  period  varvinc' 
from  the  third  to  the  (ifth  day  of  the  uffection,  a  slough  of  ihc  aflfectM 
conjunctiva,  occurs,  which  is  thrown  off  piecemeal,  leaving  a  niw>  gran- 
ulaiinj;  surface.  The  disM^ase  gcnemlly  affects  chiMren  fnuu  two  to  tea 
years  of  age.  It  is  aeldom  seen  in  adults.  Should  it  attack  older  per- 
sons, couiplete  iurdtrntioi)  of  the  amjunctivii  in  rarv.  If  clouding  and 
ulceration  of  the  civrnou  set  in  earlv.  ihc  affucted  eye  is  usually  lost. 
How  filial  it  is  under  the  most  Kkilfut  treatment,  is  nhown  by  the  he% 
that  Oraefe  lost  nine  out  of  forty  cases,  and  llirschberg  reports  thirty- 
four  losses  in  ninety-four  caset*. 

Wlien  tlif  lids  are  hard,  infiltrated,  and  "burning,"  the  treatoicnt, 
Ti'ith  a  view  of  limiting  the  amount  of  exudation,  conaiats  in  the  applica- 
tion of  iced  compresiws.  When  the  slough  begins  to  separate,  theae 
should  be  exchanged  fur  hot  compresses,  in  order  to  alimulate  the 
circulation  of  the  bloml  in  the  conjunctiva.  The  eve«  should  be  washed 
frequently  with  boric  acid.  All  stronger  collyria  should  be  avoided,  for 
fear  of  irritating  the  cornea.  In  the  second  stage,  stimulating  applica- 
tions^ such  as  a  tcn-grnin  solution  of  nitrate  of  silver,  or  tannin  and 
glycerin,  should  be  employed.  Care  sliouM  be  taken  to  keep  the  eya 
uiorouglily  washed  and  cleansed  with  a  weak  solution  of  bichloride  of 
mercury.  When  the  cornea  is  affected,  atropine  should  be  in^itilled 
fre'juentlv.  When  there  are  raw  surfaces,  they  at  times  grow  together 
and  produce  nymhlepbaron.  Trichiasis  and  entropion  may  occur,  as 
are  commonly  seen  in  the  cicatricial  stages  of  granular  conjunctivitis, 
(imefe  taught  that  vigorous  employment  of  mercurials,  carried  to  sali- 
vation, is  fldvlsuble  at  the  outset  of  the  disease.  Horner  teachcis  that 
considerable  doses  of  quinine  should  bo  employed. 

Granular  conjunctivitis :  Trachoma.  As  Arlt  has  shown  ua,  this  dis- 
ease exhibits  two  varieties,  which  may  at  times  be  found  in  the  same 
individual.  In  the  one,  formcrty  diwcribed  as  chronic  biennorrhea^ 
there  is  a  thickening  of  the  tanuil  conjunctiva,  with  exudation  into  it* 
substance,  and  a  marked  development  of  the  papilla;,  giving  it  a  vel- 
vety appearance,  especinlly  at  its  outer  and  inner  limits.  In  the  other, 
usually  designated  as  trachoma,  the  main  symptom  is  a  development  of 
sago-like  granules  in  tlie  tarsal  conjunctiva  and  the  rctrotarsal  folds.  At 
times,  the  limbus  of  the  cornea  aud  the  bulbar  conjunctiva  are  invaded. 
In  most  casw,  we  find  iliat  the  granules  develop  simultaneously  with 
the  iticrense  of  the  papillo!.     The  secretion  is  cuntngious. 

The  disonBP  usually  develops  so  quietly,  that  it  at  first  attracts  littl* 
attention.  The  lids  become  slightly  thicker,  droop,  and  look  heavy. 
There  is  a  secretion  of  mucus  and  pus,  which  accumulates  in  iho 
inner  canlbui)  during  .^leep,  and  at  times  sticks  to  the  lashes.  These 
sytaptoms  may  be  accompanied  with  a  feeling  of  *'  burning  "  or  *'  itch- 
ing. ■  There  is  abnormal  sensitiveness  to  the  action  of  irritants.  Oa 
everting  the  lids,  the  conjunctiva  is  found  to  have  lost  its  transparency 
from  exudation  into  its  substance,  and  there  is  a  development  of  irreg- 
ulariy -rounded,  yellowish,  s<emi-tran.<iparent  nijisses  in  it  and  in  the 
tarsus.  The  disease  may  develop  more  acutely,  with  redness  and 
swelling  of  the  lida,  nnd  a  considerable  purulent  secretion.  In  those 
cases,  there  is  a  sensation  as  though  a  foreign  body  were  under  the  upper 
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X\i.  Sap«r6cial  yellow isL -gray  gelatiooid  masses  mar  develop  in  the  con- 
jnnctiTi.  The^e  often  escape  attention  unless  loukeu  for  with  a  umgiiify- 
in^-glius  and  in  a  good  ligbl.  From  tlicir  resemblance  to  small  bliAter?, 
thfy  w*  known  aa  cetieufar fp-anulationtt.  The  deepcr-lyinp  infillvations 
liewlop  in  the  conjunctiva,  the  tarsus,  and  the  connective  tissue,  causing 
ibe  conjunctival  surface  to  liave  an  appearance  of  small,  irregular  pro- 
joctjoaor  granutem,  thus  giving  the  name  to  the  disease. 


Piu.  ins. 
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Fig.  193  ahoiTB  the  appearance  of  the  conjunctiva  of  the  upper 
slid  i 


ejrelid  in  a  chronic  and  marked  cose. 
Fig.  im  shown  the  section   of  a 


covered  in  front  witli  a  layer  of  epithelium,  in  which  an  folds  and  de- 
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everrwhere 
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tacdmi  of  ■  KntDiiIalinu     (Saknibcn.) 

depres-iions.  The  connective  tissue  at  the  posterior  part,  is  continuous 
with  the  conitective  tiHsue  of  the  tarsus.  Tliere  are  also  sections  of 
dilated  bloodvessels  and  grent  cellular  inBltrstions  <A'  the  tissue,  which 
become  moredense  near  the  epitht-lJAl  surface.  These  infilcrations  have 
been  demonatrated  by  Saemisch  to  bo  new  formations,  which  at  first, 
are  masses  of  cells  wWch  suhBet^uently  become  fibrillar  in  their  contents. 
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and  are  closely  connected  willi  tlie  coDn(.-ctire  tissue  of  the  conjunctin 

iiml  tlio  Ursiiit.  Tht'v  iiIiVRvfi  degeuernte  into  fibrous  trssoe.  and  leare 
ppiTOanrnt  and  contracting  scai-s.  They  differ  from  the  lymph-follicto 
whicli  lire  found  normally  In  the  rotrotarsal  foMs,  in  being  irregularir 
round  instead  of  ovhL.  They  also  differ  in  the  fact  that  tliev  are  cor- 
ered  by  condensed  epithelium  only  in  front,  this  being  contioDotu  Kid 
the  fibrous  stroma  of  the  conjmiciiva  in  ilie  deeper  parts.  The  Ivmjili- 
folliclcs,  on  the  contrary,  are  surrounded  by  a  delicate  fibrous  envelop* 

The  counse  of  the  disease  is  chronic.  Fatholo^  shows  that  with 
tbe  original  infection  there  is  an  ajjpcarance  of  uie  granules  in  itf 
conjunctiva  and  tarsus  which  are  accomjianied  by  more  or  lew  caturrfc 
and  its  uttendant  syoiptoms.  The  catarrhal  syniptoms  diminish,  uul 
the  granules  lessen  or  apparently  disappear,  only  to  recur  in  a  few  kmIj 
time. 

Fig.  l!)o  shows  a  section  of  the  conjnnctira  from  a  case  of  fcrannlir 
conjunctivitis,  At  the  left-hand  end  there  are  three  papillie  wfiicliiw 
covered  by  epithelium,  tind  separnted  by  sulci,  thus  giving  them  ilmiA 

Flu.  lU. 


Saotlon  ot  coiijonctlra  In  gnuiuUT  ntuJunctlTttlM.    (FKMB.) 

the  appearance  of  tubular  glands.  To  tbe  right  of  these  are  Isrger 
papilltt.  in  which  irregularly  rounded  bodies  that  are  cb:inicteri.*Lv 
granules  are  imbedded.  Everywhere,  there  is  cellular  infiltration  rf 
the  mucus  membrane,  wliich  is  most  marked  near  tbe  bloodvessels. 

During  a  remission  of  the  disease,  the  patient  has,  perhaps,  beliend 
himself  cured,  and  bus  resumed  hie  ordinary  occupation,  thns  allovitg 
him  the  opportunity  to  spread  tlie  diseiise  by  contact  with  other  people 
as,  for  instance,  by  using  the  same  towel,  bandkcrchiof,  or  wushbaiiii. 

When  the  granular  deposition  takes  place  in  the  limbus  of  the  oomes, 
nnd  under  Bowman's  membrane,  it  is  Mnerally  accomjianieil  by»c«re 
photophobia,  lucrymation,  and  pain.  This  is  also  followed  by  the  for- 
mation  of  btoodvesiwls  in  tbe  cornea,  which  usually  lie  superfiatUj 
between  tbe  epithelium  and  the  corneal  tissue  proper.  The  pannns  lliM 
mode,  onlinarily  appeiLrs  at  tbe  upjjer  part  of  the  cornea — a  circunislancfi 
which  has  given  rise  to  the  idea  that  it  is  caused  by  fUrect  irritatioa 
from  the  lid-granulations. 

During  the  regressive  stage  the  veij^js  may  disappear,  but 
of  the  cornea  may  take  place,  causing  this  njeinbrane  to  give  way  un^ 
intra-ocular  pressure,  and  to  bulge.  If  the  pannus  has  been  pirtiut 
great  irregularity  in  tbe  curvature  of  tbe  coniea  will  be  present.  If  '* 
Eaa  pervaded  the  entire  oyjmbrane,  a  globose  state  may  result.    Eilfcw 
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of  tiiEV«  conditioiia  greatly  impairs  the  lenticular  action  of  the  cornea. 

Morwver,  upon  account  of  remaining  opacities,  wliich  of  themselves 

ioipair  vision,  complete  transparency  is  rarely  gained.     In  time,  the 

ctuiqIcs  become  converted  into  fibrous  tissue,  und  produce  soars  and 

btaif  m  the  conjunctiva.     Bv  contraction,  the«e  p'efttly  diminish  the 

fli&eof  the  coDJunctiviil  sue.     Tlie  cicatrices  are  first  recognizable  aa 


rm.m. 


{ 


thnragb  upper  0>-elltl  in  grunuUr  cgiiJuuaUvlUi.   (SAuncnj 

mds  running  parallel  to  the  edge  of  the  upper  lid,  and  at  a  little  dis- 
tance fipom  its  edge.  This  fibrous  degeneration  consiricUi  the  conjunc- 
tival bloodvessels,  alters  and  diuiiuishe^  the  conjutictival  secretion,  and 
produces  a  fatty  degenerniion  of  rh*>  stmma  Hint  epithelium.  These 
conditions  cause  the  membrane  to  shed  water  And  other  fluids — a  coti- 
dition  which  w  designated  as  xeroma.  Fig.  li^6  reprcsent8  a  section 
through  :in  upper  lid  (iffected  with  granular  confunciivitis  in  its  cica- 
trizing stage.  Here  the  lid  is  seen  to  be  distorted  and  incurved.  At  a 
are  the  fibres  of  the  orbicularis,  h  is  the  tarsus  in  a  state  of  fatty  de> 
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generation,  c  points  to  a  gliortened  and  sLrunken  Meibomian  gUnil.<fb 
a  swollen  iind  prolifflraling  papillii  of  tlic  conjunctiva,  «  cicatricial  tinM 
in  tlifi  L'onjurictivii,  anil  /cioatricial  tissue  in  ilie  tarsus.  The  ekiirii- 
ing  pruce^s  destrovs  the  inner  eJge  uf  the  lid,  sod  caust-«  tlic  ejela&bi* 
to  become  inverted,  and  to  rub  againm  the  cornea  {trichiasii).  Tbis 
constant  rubbing  often  produces  a  thickening  and  jiermaneni  opacitr. 
When  the  conti-action  is  more  marked,  it  inverts  the  lids  so  strongll 
that  the  cutaneous  surface  touches  the  eyeball,  producing  a  state  whiai 
is  kuowu  us  rntrvpion.  Cicatrices  and  altenitious  of  curvature  ia  tlii 
cornea,  alwuvK  caurie  marked  diminution  of  vision.  Thev  may  a!b 
produce  secondary  inflammations  in  the  iris  and  other  deeper-lmg 
tisisufAi  of  the  eye,  leading  on  to  bliudnesii. 

Granular  conjunctivitis,  although  varying  in  freijuency  in  difTenU 
countries,  forme  the  scourge  of  almahousee.  children's  a!(ylums  uiil 
armies,  throughout  the  civilized  world,  and  cause's  such  diminution  oT 
vision  as  to  deprive  thousands  of  all  useful  employment.  Throi|k 
ignorance  and  carelessness,  this  army  of  the  uncmpioycd  is  conataotlT 
spreading  the  disease.  A  few  of  the  more  noted  examples  of  the 
ravages  of  tlie  di»eaj<e,  will  give  an  idea  of  the  dangers  to  which  lUT 
community  is  constantly  cxjioseiU  and  of  the  ejirne-stiiess  with  which  il 
shouhl  guard  against  dissemination.  Its  spread  on  a  ship  in  the  Iropia 
is  well  described  by  Guillie.'  The  French  slave-ship  "  Lc  KodcOT," 
with  twenty-two  sailors  and  one  hundred  and  sixty  slaves,  set  sail  m 
the  east  coast  of  Africa  with  aU  iu  good  health.  In  ^ibout  fifteen  dan, 
when  nearly  under  tlie  equator,  it  was  observed  that  many  of  da 
negrops  were  suffering  from  i-ed  and  inflamed  eyes.  They  were  treued 
with  lotions  of  elder-flower  wattT.  and  daily  brought  on  deck  for  frrtfc 
ur.  Rather  than  endure  their  sufTeringy,  many  jumped  overboard,  [n 
consefjuence,  the  others  were  confined  below.  The  first  man  of  A( 
crew  to  be  attacked  was  one  who  slept  under  deck,  in  n  separate  apaA- 
ment  neur  a  gnited  partition  which  communicnteil  with  the  hold.  On 
the  next  day,  a  lad  waA  seized  with  the  di&euse,  and  iu  the  ooanc  cf 
three  day«,  the  captain  and  most  of  the  crew  were  affected.  Fimlh, 
it  became  almost  impossible  to  navigate  the  vessel,  as  only  one  of  iw 
crew  had  escaped  the  contagion.  About  tliis  time,  they  felt  in  wiiii 
the  Spanish  ship  "  Lion,'*  whose  whole  crew  were  so  affected  with  il* 
same  disease  that  tliey  could  no  longer  navigate  their  ship.  On  rtiieli- 
ing  Guadeloupe,  they  were  in  a  deplorable  state.  Many,  howmr, 
improved  rapidly  under  fresh  air,  fresh  provisions,  and  the  application 
of  lime-juice  ana  water  to  the  eyes.  Out  of  the  crew  of  twenty-tw, 
twelve  lojtt  their  sight  in  both  eyes,  one  of  these  twelve  bcins  the  ships 
surgpon ;  live  lost  one  eye  each,  while  four  had  considerable  opaeitia 
in  the  cornea,  with  adhesions  to  the  iris.  Of  the  negroes,  iJiirtynine 
were  entirely  blind,  twelve  lost  one  eye  each,  and  fourteen  had  corw"! 
Icucomata. 

Of  the  ravages  which  granular  conjunctivitis  at  times  causes  io  «inl 
life,  the  statement  of  Kirkpatrick*  gives  a  striking  example— wbere, 

1  DiMloili'qvivOLibiliBliuQluiri'iiir.  L«r  M.  QuIIIU.  toninl.  jkU.    Pwto.  M6.    (MaekM*-! 
■  DubHn  ^uutrrljr  JouriMt  of  Hi^dickl  8<Menoc,  vol.  xxl.  p.  lOli. 
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ant  of  a  total  population  of  3,346,729  inmates  in  the  workhouses  of 
Ireland  during  the  five  years  between  1849  and  1854,  134,848  persons 
irere  seized  with  the  disease. 

It.  is  stated  by  many  writers,  that  the  disease  was  originally  brought 
iom  Egypt  by  Napoleon's  army,  and  so  spread  throughout  Europe. 
rhere  were,  howerer,  extensive  epideoiicB  of  contagious  ophthalmia  in 
European  armies  before  this  date.  Arlt  quotes  a  passage  from  Celsus, 
in  which  there  is  an  accurate  description  of  the  disease.  It  certainly 
ravaged  both  the  French  and  English  armies  in  Egypt,  and  prevailed 
extensively  in  most  European  armies  during  Napoleon's  campaigns. 
Larrey  tells  ns,  that  out  of  thirty-two  thousand  men  landed  in  Egypt 
in  July,  1798,  every  man  was  more  or  leas  aifected  in  the  course  of  two 
months.  In  the  English  army,  in  1815,  at  Waterloo,  from  four  hundred 
Co  five  hundred  men  in  one  regiment  of  the  Guards  had  diseased  ^es, 
uid  in  1818  there  were  more  than  five  hundred  permanent  invalids  from 
granular  conjunctivitis  in  the  English  military  asylums.  Between  the 
years  1815  and  1817,  over  twenty  thousand  soldiers  in  the  Prussian 
service  were  affected,  of  whom  seven  hundred  and  fifly  became  totally 
blind,  and  two  hundred  and  fifly  blind  in  one  eye.^  In  the  Russian 
army,  seventy-six  thousand  eight  hundred  and  eleven  men  were  attacked 
by  the  disease  between  the  years  1816  and  1839.  Of  these,  six  hundred 
and  fifty-four  became  blind  in  both  eyes,  and  eight  hundred  and  seventy- 
eight  in  one  eye.  At  present,  the  epidenaics  in  the  European  armies  are 
less  virulent  and  are  less  widely  distributed.  It  still  prevails  extensively 
in  the  Belgian  army:  according  to  Fuchs,  if  all  recruits  having  the  dis- 
ease were  rejected,  the  government  could  not  obtain  its  quota  of  men 
in  some  districts. 

An  accurate  account  of  its  distribution  would  be  interesting.  It 
appears  to  exist  throughout  both  the  civilized  and  the  uncivilized  world, 
being  less  frequent  in  mountainous  and  sparsely  populated  countries. 
[n  the  valley  of  the  Rhine,  it  is  rare  at  the  head-waters,  increasing  con- 
stantly as  the  river  gets  into  the  lower  and  more  densely  populated 
districts.  In  certain  races  it  is  very  common,  being  extensively  preva- 
lent among  Uie  Irish  emigrants  to  this  country.  It  is  said,  also,  to 
prevail  in  Arabia,  and,  indeed,  throughout  Asia.  In  Africa,  it  is  more 
frequent  along  the  lower  than  along  the  upper  Nile.  Although  gen- 
erally assumed  to  be  present  to  a  greater  extent  in  low  and  damp 
countries,  yet,  according  to  Russian  writers,  it  is  frequent  in  the 
Caucasus.  In  the  United  States,  it  is  more  common  in  the  Western 
than  in  the  Eastern  States. 

The  disease  is  eminently  contagious,  and  probably  results  originally 
more  frequently  than  is  generally  supposed  from  inoculation  with  a 

flee^  discharge;  the  subsequent  transference  being  from  eye  to  eye. 
t  is  also  probable,  that  it  is  infectious  through  the  medium  of  the  air. 
This  is  shown  from  its  rapid  spread  among  large  masses  of  men  who 
have  been  confined  in  crowded  and  ill- ventilated  rooms,  when  a  heated 
and  unchanged  atmosphere  becomes  filled  with  the  exhalations  from 
the  discharge  of  granular  ophthalmia.     The  example  cited  of  the  slave- 

1  Ailt:  Knnkbeiten  dea  Augea,  Bd.  I.  Ss.  Ha,  66, 
21 
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ship  "  Rodeiir,"  and  the  experience  of  miliiai-y  surgeons  who  have  n»f 
charge  of  large  numbers  of  casea  during  violent  epidemics,  &vor  this 
view. 

Milller/  who  had  charge  of  the  garrison  at  Maycnce,  BtAte»  tliat  lie 
did  not  consider  that  his  daily  visit  to  the  patients  was  dangerouB,  but 
state  that  he  would  have  been  unwilllnj^  to  sleep  in  the  close  barraelu 
at  night,  when  the  air  whs  gaturatetl  with  the  exhalatiuos  from  diseased 
eyes.  It  is  piobalde  thnt  micro»a)pic  ami  batiteriological  studj  will 
give  us  a  better  insight  into  the  pathology. 

Fig.  197  represenU  the  gonooocci  as  ihey  appear  in  a  fresh  specimen 
of  gonorrhteal  pus  that  has  been  stuincd  with  fuchain.     The  microbw 

Kw,  1V7. 
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belong  to  the  group  of  diplococci.  They  do  not  at  6r8t  become  sphericalT 
but  remain  with  their  flattened  siJeti  turned  toward  each  other  as  tbej 
were  in  the  original  mother-eell.  They  are  often  found  in  the  interior 
of  epithelial  celts  and  leucocytes.  The  figure  shows  large  mttltinaclear 
leucocytes  that  contain  numerous  specimens. 

In  order  to  take  effective  meiisures  against  the  spread  of  the  disease, 
it  is  necessary  that  medical  men  shall  appreciate  its  contagious nesi. 
They  should  also  faniilinrize  theniaelvos  with  its  clinical  appearanoes, 
as  well  as  do  their  best  ty  abotinh  the  use  of  the  term  "granulated 
^elids"  for  phlyctenular  conjunctivitis  among  the  laity,  as  nothing 
goes  further  to  prevent  the  public  from  having  a  just  appreciation  of 
uic  malntly.  than  this  misnomer.  .Ml  applicants  for  admission  to 
homes  and  asylums,  as  well  ns  all  recruits  for  the  army  and  navy, 
should  be  examined.     Careful  eversion  of  the  lids  should  be  made,  and 
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the  candidate  should  be  rejected  if  any  evidences  of  the  disease  be 
present.  If,  for  other  reasons,  it  becomes  necessary  to  take  patients 
snffering  with  the  disease  into  charitable  institutions,  tbej  should  either 
be  sent  to  the  infirmary  of  the  asylum,  or  assigned  to  separate  dormi- 
tories. All  such  institutions  should  have  lavatories  with  running  water 
from  a  faucet,  and  every  inmate  should  have  his  own  basin  and  towel, 
which  should  be  washed  daily.  The  attendants  should  be  made  aware 
of  the  contagiousness  of  the  disease,  and  trained  to  wash  all  eyes  so 
affected,  with  a  weak  solution  of  bichloride  of  mercury  or  boric  acid, 
several  times  daily. 

The  conjunctival  sac  should  be  thoroughly  washed  several  times 
a  day  with  a  weak  solution  of  bichloride  of  mercury.  Where  this 
seems  to  give  pain  and  to  produce  irritation,  boric  acid  may  be 
temporarily  substituted.  If  there  be  much  corneal  haze,  photopho- 
bia, and  pain,  atropine  should  be  instilled  sufficiently  often  to  keep 
the  pupil  dilated.  Care  should  be  taken  to  protect  the  eye  by  dark 
glasses.  As  inflammation  subside,  tannin  and  glycerin  (one  drachm 
to  the  fluidounce),  or  boro-glyceride  in  glycerin  (twenty  per  cent, 
solution),  can  be  dropped  into  the  conjunctival  sac  or  lightly  swabbed 
over  the  everted  lids.  A  solution  of  bichloride  of  mercury,  one  part 
to  two  hundred  and  fifty,  carefully  applied  to  the  everted  lids  with  a 
cotton  swab,  is  effective.  The  pain  produced  may  be  diminished  by 
instillation  of  cocaine  into  the  conjunctival  sac  both  before  and  after  the 
application.  When  the  lids  are  velvety,  nitrate  of  silver,  ten  grains 
to  the  ounce,  applied  once  or  twice  daily  to  the  everted  eyelids,  is  an 
invaluable  remedy.  Care  should  be  taken  to  remove  the  excess  and 
not  to  continue  its  use  sufficiently  long  to  permanently  stain  the  con- 
junctiva. Where  staining  occurs,  the  membrane  assumes  a  characteristic 
brown  hue,  which  is  due  to  a  dep(»it  of  oxide  of  silver.  This  condition 
is  known  as  argyroait.  The  accumulation  is  greatest  in  the  adventitia 
of  the  small  vessels.  It  is  also  said  to  be  deposited  in  the  yellow  elastic 
fibres.  In  chronic  cases  of  granular  conjunctivitis,  a  two-grain  oint- 
ment of  the  yellow  oxide  of  mercury  is  an  excellent  application. 
When  the  disease  reaches  the  cicatricial  stage,  the  application  of  a 
smooth  crystal  of  alum,  or  sulphate  of  copper,  is  useful.  For  patients 
at  a  distance,  a  weak  solution  of  sulphate  of  copper  in  glycerin  (from 
one-half  to  one  grain  to  the  fluidounce),  or  the  glyceroles  above  men- 
tioned, are  good  remedies.  Where  there  is  pannus,  and  the  granula- 
tions are  indolent,  hot  compresses  form  an  admirable  stimulant.  These 
should  be  followed  later,  after  a  abort  course,  by  nitrate  of  silver.  In 
the  opinion  of  the  author,  all  processes  which  aim  at  destroying  the 
granulations,  either  by  caustic  or  by  scraping,  are  unjustifiable,  and  go 
&r  to  augment  any  subsequent  and  inevitable  cicatricial  contraction.' 
Peritomy,  or  the  circumcising  of  the  cornea  by  cutting  away  a  atrip 

>  Tbeie  Tlewa  are  not  abared  b^  most  praciitioners  of  the  present  day,  and  varloua  methods 
of  deetroyins  the  gnutulatlotu  are  Id  fitvor.  The  beat  of  these  is,  aRer  gentle  incision  and  scarl- 
ficadoa  of  tfie  conJunctlYa  over  tbe  moat  prominent  granulatlon<ina8seH,  to  goueeze  them  out  by 
pTCBmre  with  Knapp'a  roller  fbroepa.  Tbla  proceas  Is  very  palnAil,  and  If  the  procedure  be 
extencire  It  la  best  to  etherize  tbe  paUent.  The  Immediate  effect  is  to  cause  considerable 
reacUoD  with  the  [brmatlon  of  flbro-punilent  lymph  on  the  aurtacc  of  the  conjunctiva.  The 
application  of  loed  oomprevea  la  therefiire  agreeable  to  the  patient,  and  tends  to  control  lo- 
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of  bulbar  conjunctiva  two  uiiHimet«r>i  wide  arouml  lUt  entire  circum- 
ference, is  advocalwl  for  ilie  relief  of  dense  pantms.  Unfonunaielj, 
the  vcsKftln  whicTi  have  been  thiiii  cut  olf,  repulliilnte,  and  the  band 
whicb  has  been  sacrificed  is  a  loss  to  the  already  shrinking  con- 
jtinctivft.  For  such  desperate  caaea,  the  inoculation  eitJier  of  gonor- 
rlHt?al  pus  or  of  pus  from  eyes  affected  from  acute  purulent  conjuncti- 
vitis, has  been  practisefl — the  rcsultunt  intense  inflatumation  often 
clearing  ttic  cornea,  and  cnuaing  cicatriwition  of  the  eranulntion.  The 
cxperimennj  of  Piringer  show  that  inoculations  of  the  watery  fluid  of 
the  first  grade  of  acute  blennorrhmn  produce  no  ri>suU:  that  the  secre- 
tion of  the  second  stagp  is  very  aotive  ;  and  that  the  reaction  produced 
by  the  secretion  firom  eyes  in  the  third  stage  is  very  intense.  The  con- 
dition is  manifest  in  from  six  io  eight  hours.  The  extreme  contagioun- 
ncss  of  the  secretiou  is  shown  by  the  fact«,  that  it  is  still  uctive  when 
diluted  with  one  hundred  piirts  of  water,  and  that  it  can  be  kept  as 
vaccine  material,  for  sixty  hours.  Drying  dcatroya  its  powers.  Of  late 
years,  the  discovery  of  the  property  of  the  seeds  of  jequirily  (.46nM 
preratorin)!),  has  given  n  mure  pleasant  and  more  manageable  remedy. 
An  infusion  of  them,  of  the  strength  of  two  and  one-half  grains  to  the 
fluidouncc  of  distilled  water,  mttcemted  for  twenty-four  hours  and  fil- 
tered, should  be  gently  but  freely  painted  over  the  everted  lid.  For 
three  houi-s,  no  effect  is  visible.  An  Infiammatiou.  which  has  all  the 
apptiarniicrs  of  a  severe  croupo-pnruloiii  njiblhahnia,  follows,  attaining 
iM  height  in  aixtcen  hours.  The  lid.<i  are  tense  and  swollen,  and  their 
edges  are  glued  together  by  secretion,  thus  forming  a  tumor  which  often 
projects  beyond  the  margin  of  the  orbit.  The  akin  of  the  lids  is  smooth, 
hot,  and  painfiil  to  the  touch.  The  tarsal  conjunctiva  ia  covered  by  a 
thick,  tightly  adherent,  yellowish -gray  membrnne.  At  times,  in  severe 
c&eee,  the  false  membrane  stretches  from  the  lower  retrolarsal  fold  to 
the  edge  of  the  upper  lid,  thuK  billing  theeveball.  The  patient  is  restless 
and  feverish.  There  are  symptoms  of  influenza.  The  preauricular 
lymph-glandji  swell.  On  the  fifth  or  sixth  day,  the  membrnne  begins  to 
separate  from  the  tarsal  conjunctiva,  and  is  soon  followed  by  that  in 
the  retrotarsal  folds.  Many  weeks  elapse  before  the  redness  and  dirty- 
ycHowish  color  of  the  conjunctiva  have  disappeared.  Although  much 
benefil  may  he  derived  from  the  use  of  jcquirily  in  severe  ca^es,  it  should 
never  be  resorted  to  unless  there  is  pannus,  us  otherwise  a  conieaJ 
slough  may  be  produced.  In  some  instjinces  a  single  application  of  the 
Strength  ahove  mentioned  proves  inBufficient.  Where  this  is  the  com 
the  application  may  be  repeated  every  three  houra  till  the  desired  effect 
is  manifest.  When-  xerophthalmia  has  set  in,  the  conjunctival  dry- 
ness can  only  he  pnllialed  hy  frequent  instillation  of  milk  or  glycerin, 

Phlyctenular  conjuuctivitts  is  characterized  by  an  eruption  of  small 
rounded  olevations  in  the  epithelial  layer  of  the  conjunctiva  or  the 
oomea.  According  to  the  seat  of  eruption,  it  is  spoken  of  under  two 
distinct  heads,  phiycte?tu.lar  conjunct tv!t in  and  ithhfetr^nular  kcraiUit, 
Tnasmndi  as  the  conjunctival  stmma  and  epitholinm  arc  continuous 
with  the  corneal  epithelium  and  Bowman's  membrane,  there  is  nu  good 
anatomical  reason  for  this  aepnration.  Moreover,  we  constantly  see 
eruptions  which  were  originally  in  the  conjunctiva  invade  the  cornea. 
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k  the  same  nttevk.  The  main  reason  for  such  sepitraUoti  seetna  to  he, 
cImi  the  results  are  much  more  serious  when  the  disease  attacks  the 
i»mea. 

The  eruption  consists  primarily  of  minute  rounded  elevations  which 
oonaiatof  a  closeI,T -packed  mass  of  cells  of  about  a  millimeter  or  less 
in  diameter. 

l''ig.  198  shows  a  |ihlyctciiule  in  the  corneal  bordar.  which  is  covered 
with  epithelium  an<i  is  everywhere  dcnselj  packed  with  cells  that  are 
arnu)ge<l  around  a  terminal  filament  of  one  of  the  corneal  nerves. 
There  is  so  little  llnid,  that  when  a  phlyctenule  is  pricked,  its  contents 
fcil  to  exu<le.  As  the  hillocks  become  older,  they  soften  and  form  small 
bligters  or  abscesses.  When  this  hiippens,  either  the  contained  material 
tiiny  be  absorbed,  or  the  epithelium  may  be  thrown  off,  leaving  small 
rounded  ulcers  with  elevated  margins.  The  ulcers  either  rapidly  dis- 
appear, or  become  either  vaacularixed  or  itifiltnitcd  and  utrpid.     When 

Fig.  IM. 


they  are  sealed  in  ihe  ci^riiea,  they  sometimes  ulcerate  through  that 
membraoe,  and  cau.se  prolapse  of  the  iris  with  anterior  synechia.  Where 
they  are  deep,  and  have  marked  gray  or  yellow  Infiltration  of  the  tissue 
at  their  bases  and  sides,  there  is  often  a  e^inking  of  the  pus  which  is 
secreie'l  hy  them,  between  the  Inyor.'*  of  the  cornea,  producing  a  more  or 
less  semilunar-likc  accumulation  at  the  lower  margin  of  the  cornea. 
This  condition  ia  called  unffui$.  Sometimes  there  is  an  accumulation 
of  pus  at  the  bottom  of  the  anterior  chamber.  This  latter  condition 
is  known  us  kj^inrpyon.  Whuii  the  eruption  is  seated  either  in  llie 
limbus  or  on  the  eomea,  there  i.t  always  pericorneal  injectiim.  This  is 
general,  when  the  phiyctenulse  are  numerous,  hul  is  confined  to  their 
immediate  vicinity  when  they  are  few  in  Tiumber.  At  times,  ulcent  form 
in  the  corneal  margin  and  vascularize,  while  the  innermost  part  of  the 
ulcer  broadens  and  progrossea  in  a  slightly-curved  direction  toward 
the  corneal  centre,  thus  giving  the  "rocket-shaped"  ap]>earance  de- 
scribed by  Arlt.  Such  ulcers  never  perforate.  ]loth  the  ulcer  and  its 
leaah  of  blood vm^ds  entirely  disHjipcAr.  Occmioruilty,  thi>ro  is  a  pcculinr 
form  of  pannus,  which  consists  of  numerous  minute  opacitie.s  in  the 
sub-epithelial  layer  of  the  cornea,  to  which  bloodvessels  run  from  the 
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litnbus.  These  are  confined  to  tlie  superficial  vascular  layer  Id  iJk 
corneal  periphery.  Iwanoff  considers  the  affection  analogons  Co  herpa, 
while  more  recent  writers  classify  it  with  eczema. 

Phjctenular  conjunctivitis  is  one  of  the  most  frequent  and  impoRani 
of  eye-diBeasea.     It  is  much  more  common  among  children  tbau  uKOg 


adalls.     In  children,  it  constitutes  Dne-fourth  of  all  the  diseases  of 
eyw~     Its  serious  nature  is  shown  by  the  f»ct  that,  according  to  Bir<^ 
Hirschfeld,  six  per  cent,  of  the  inmates  in  the  blind  as^rlams  of  SaxoO, 
owe  their  infirmity  to  this  disease.     This,  however,  pves  a  very  ina*!^* 
quate  idea  of  the  number  of  eyes  which  are  ruined  by  it  fur  all  tin^ 
work — an  inability  which  is  due  either  to  corneal  opacities  or  to  alieo- 
tions  of  corneal  curvature  from  cicatrization  and  contraction  of  ihe 
ulcers. 

At  times  the  eruption  is  limited  to  the  conjunctiva  and  cornea.  In 
many  esses  a  large  crop  uf  phlyctenule  develop  in  the  mucus  mem- 
brane of  the  roof  of  the  mouth  and  upper  part  of  the  pharynx.  Tie 
older  writers  called  the  disease  icrofutotu  cotyuncttviti*.  This  tliCT 
did  witli  consiilcrable  show  of  renson,  as  a  very  largo  number  m 
cases  have  enlarged  glands  in  the  neck  and  under  the  jaw.  swelling  In 
the  upper  lip  and  the  alic  of  the  none,  and  cczematuus  eru|)ttou8  on  the 
hce.     Fig,   19£i,   which    gives  a  representation   of  a  severe  case  vt 
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IcoQJunctivitisin  a  scrofulous  subject,  rIiows  this  vm  well, 
ilt  this  disease  is  one  of  lowered  vitality  ami  dopravoil  rititri- 
1  it  is  frequoDtly  found  after  meaeles  and  scarlet  fever.  It 
b  ftJ^er  prolonj;cd  luctation,  and  other  drains  on  the  svst^rn. 
jb  seen  at  times  in  iodividuAls  who  are  simply  feeble.  Rnrely, 
k  sabjecta  who  hiivo  no  u[>|)urcn(  ilccidcd  departure  from 
tiic  former  elass  of  «uhjcctfl  it  is  often  associated  with  swell- 
)llicle«  in  the  retrotarsal  folds.  As  in  most  other  diseases 
^tucionnl  distarbance,  relapses  without  luiy  sufficient  local 
t 

p  remembered  also  that  secondary  affections,  such  as  iritis^ 
echia  with  secondary  glaucoma,  corneal  staphyloma,  etc., 
need  by  it, 

■ry  symptoms,  are  watering  and  burning  of  the  eyes,  and 
.  The  last  is  always  present  where  the  eruption  is  exten- 
i-aocumpnnied  wilh  pericorneal  injection.  At  times  it  is 
Excessive  degree  where  the  demonstrable  local  lesions  are 
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Plil;cteuuUj  conJunctlvUI*.   (i)«utt)U>i.r-] 


a  the  slightest  character.  In  severe  cases  there  is  an 
bflommatjon  of  the  ciliary  border  of  the  lids,  cauiiing  crusts 
'their  edges.  Upon  the  removal  of  these,  ulcerations  are 
tich  are  uauallv  located  amund  a  hair-foUicle.  Eczema  of 
the  adjacent  sKin  is  also  frecjiient,  and  is  much  aggravated 
from  lacrymiition.  Tn  young  children  the  dread  of  lipht  is 
it  that  ic  is  with  difficulty  that  they  can  be  prevented  frnm 
r  hcftds  in  their  mother's  breast,  in  pillows,  etc.  In  adults, 
ief  is  generally  folded  and  kei)t  pi-essed  on  the  eyes.  Fig. 
)C8  an  eye  with  two  large  plilyctenulie.     One  is  on  the 
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tlie  other  is  near  its  mnrgin.    There  is  great  increase  in  tlie 
'  of  the  bulbar  conjunctiva  near  the  phlvctcDnlse.    The  figure 
showfl  a  zune  of  pcricorucal  injection  and  the  increaaod  vascularity 
of  the  entire  bulbar  coiijunciivn. 

The  eye  siioulJ  he  frefiueniiy  washeni  with  solutions  of  boric  acid, 
and  protected  from  irritants  by  London-siiioked  coquilles.  If  tliere 
be  much  photophobia,  with  cilinrr  injection  and  ulcers  on  the  limbu.* 
or  cornea,  some  mydriatic  should  be  instilled.  Owine  to  its  per- 
sistent eifect,  atropine  is  preferable.  Cocaine  will,  at  times,  help  to 
diminish  the  sensitiveness  of  the  cornea.  When  blopharoftpasm  is 
iiuciise,  it  id  often  necessary  to  separate  the  lids  with  elevators,  in  order 
to  obtain  a  view  of  the  cornea,  and  to  make  it  powuhle  for  ilic  mydriatic 
to  be  retained  in  the  conjunctiviit  sac.  When  there  is  serere  eczema  of 
the  lid-edges,  the  crustA  should  be  Hr»t  softened  by  warm  water,  then 
gently  i~emoved ;  the  raw  surface  being  touched  with  a  ten-gniin  solutiou 
of  nilralo  of  silver.  If  the  akin  of  the  lids  is  affbctod,  an  ointment  of 
the  yellow  oxide  of  mercury,  or  calomel  in  vaseline,  should  be  applied 
several  tiraes  daily,  after  removal  of  the  crusts  by  warm  water.  Wheo 
the  photophobia  and  blepharospasm  are  intense,  immersion  of  the  child's 
face  for  a  few  moments  in  cold  water,  with  the  purpose  of  diminishing 
the  dread  of  light,  and  t)f  obtaining  a  view  of  the  eyes,  is  recommended. 
In  the  author's  hamis,  the  use  of  the  elevators  has  proved  more  satis- 
factory. Wiien  the  acute  inflammation  has  diminished,  and  the  ciliary 
injection  has  disappeared,  the  dusting  of  finely  powdered  calomel 
in  the  conjunctival  sac  is  a  roost  efficient  measure.  The  drug  a 
slowly  decomposed  and  dissolved  by  the  chloride  of  sodium  of  the 
tears,  thus  giving  a  prolonged  and  very  dilute  bath  of  bichloride  of 
mercury  to  the  affected  eye.  Care  should  be  taken  never  to  repeat 
the  insuftlation  until  all  traces  of  the  first  application  have  disappeared 
from  the  conjunctival  sac.  Should  this  be  done,  the  excess  of  lailomel 
and  the  newly  formed  bichloride  of  mercury  would  aceumulat«  in  the 
lower  rctroiaranl  fold,  and  act  as  an  cscharotic.  In  chronic  cases,  the 
salve  of  the  yellow  oxide  of  mercury  may  often  be  substituted  for  the 
calomel.  Calomel,  or  yellow  oxitle  of  mercury,  is  contra-indicatdi 
whenever  the  patient  is  taking  considerable  t^uantilies  of  iodine,  be- 
cause, in  many  such  aises,  the  iodine  is  freely  excreted  by  the  tears,  and 
converts  the  mercurial  salt  into  an  iodide,  which  is  a  most  powerful  Irri- 
tant  to  the  conjunctiva,  and  often  produces  an  active  localized  iufiam- 
mation.  In  the  treatment  of  all  phlyctenular  disease,  fresh  air  is 
beneficial.  The  room  should  be  well  ventilated,  and  the  light  should 
be  tempered   by  shades.     The  eyes  should  be  protected  by  smoke"! 

?la.<)seA,  and  a  xhade,  like  a  cap-visor,  should  be  employed,  if  nece^ary. 
'he  use  of  poultices  or  wet  cloths,  must  be  prohibited.  When  the 
patient  is  allowed  to  bury  the  head  in  the  pillows,  or  to  tic  a  handker- 
chief over  the  eyes,  the  tears  soon  saturate  these  coverings,  which,  by 
acting  as  cstapiasms,  increase  any  secretion,  and  augment  the  tendency 
to  oiTzemn.  The  most  aggravated  forma  of  the  anection  are  usually 
seen  among  the  poor.  They  are  especially  intractable  where,  either 
from  washing,  cooking,  or  from  being  partly  underground,  the  living* 
room  is  damp,  and  where  the  air  is  vitiated  by  the  exhalations  of  many 
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fnata.  It  is  sn  fulrantagc,  therefore,  to  such  cases,  to  have  them 
(Wne  daily  for  treatment.  A  marked  cliange  is  oftwi  produced  by 
faking  sach  paiienls^-eapecially  children — into  the  better  hygienic 
furronndingA  of  a  ■wcU-Tnartnged  hospital-wnrd. 

Tiie  skiu  should  be  kept  secreting,  and  in  ^ood  order,  by  hot  bnths 
ifld  rubbings  with  a  coarae  towel.  The  diet  ahould  be  rcjiulated.  As 
children  are,  of  course,  fretful,  ihvy  are  too  frequently  pacified  bv  being 
repeatedly  given  caki«  or  cniidies.  Not  only  hIiouM  tlitisc  arlicli-s  be 
pM»hibited,  but  food  shoidd  be  given  reguUrly,  four  limes  in  the  twonty- 
fcur  }iour».  and  the  little  patients  allowed  to  get  hungry  iltiring  the 
intervals.  Nutritious  diet,  rare-cooked  beef  and  mutton,  witli  iibun- 
aance  of  eggA  aod  milk,  and  a  moderate  auiount  of  easily  <lige8ted 
Tegetnble  food,  should  bo  insisted  upon.  If  the  nulriiion  be  much 
impaired,  the  appetite  can  he  stimulated  by  quinine  and  small  doaes  of 
niilk  punch.  Digeation  should  be  got  into  working  order  by  the  admin- 
iiitration  of  from  one-twelfth  to  one-eighth  of  a  grain  of  calnmel  three 
or  fear  dme*  daily.  Cod-liver  oil  and  various  ferruginous  preparations, 
«^>e«ially  the  iodide  of  iron,  arc  of  use.  These  may  be  assisted  by  either 
tlie  phosphates  or  hypophosphites  of  calcium,  sodium,  and  mngne-siuni. 
Tf  the  child  be  uunting  fi-oiu  a  feeble  and  budly  nourieUed  uiother,  it 
flhould  he  either  wet-nursed  or  weaned.  In  circumalancee  where  this 
\3  impossible,  the  quality  of  the 
mother's  milk  may  by  improved 
by  nutrilious  food,  malt  extract, 
and  preparations  of  iron.  To  pre- 
vent relapse,  the  hygienic  care,  the 
medical  treatment,  ftuch  m  dusting 
tbe  conjunctiva  with  powdered  e»I- 
omel  at  regular  inten-als,  Rhmild  be 
continued  for  some  time  after  the 
active  symptoms  have  subsided. 

Pterffgtum  is  the  name  given  to 
tbat  condition  in  which  a  fold  of  the 
halbar  conjunctiva  grows  over  the 
Cornea  and  unites  with  it.  The  head 
of  the  growth,  which  is  ai  the  cor- 
neal attachment,  is  usnally  rounded 
4Dd  is  spread  out  in  a  triangular  shape  into  tlie  bullmr  cunjunctivn. 
It  is  firmly  attached  to  the  cornea,  but  at  the  limbiis,  and  further  back. 
n  probe  can  bo  readily  passed  under  the  upper  or  lower  edge  of  tbe 
growth  as  fiir  as  the  median  line.     This  is  well  shown  in  Fig.  201. 

The  growth  is  usually  «ituated  in  the  fissure  of  the  lids,  and  is  more 
frequently  found  on  the  nasal  than  on  the  temporal  side  of  the  cornea. 
Occasionally  pterygia  simultaneously  develop  both  at  the  inner  and  the 
outer  side  of  the  cornea.  If  the  head  of  the  pterygium  is  pallid  and 
non-vascular,  it  is  ufiually  stationary.  Tf  it  is  vascular,  with  an  ele- 
vated edge,  and  a  slight  corneal  erosion  ib  visible  in  front  of  it,  it  »» 
progressive.     Pterygia  are  frequently  seen  in  people  of  middle  age. 

In  its  usnal  form,  it  is  produced  by  some  catarrhal  ulcer  at  the  cor- 
neal edge,  or  by  some  slight  wound  of  the  cornea,  duo  to  the  presence 
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of  miiMile  foreign  bodies.  In  such  casen.  atlheaive  Jnllammatioa  s^t) 
in,  antl  the  swollen  conjunctiva  of  the  ball  is  brought  io  contact  wit^ 
the  raw  corDeal  suHacc  and  uaitee  with  it.  By  a  repetition  of  iu<^ 
processes,  it  mny  be  pulled  slowly  on  to  the  cornea.  At  times,  it  ma*'. 
become  stationary.  Such  pterygia  are  innocuous,  except  where  tfa<^^ 
grow  out  on  the  cornea  bo  a»  to  piirily  or  cotnpletely  cover  the  papi  •  - 
Wlien  they  threaten  to  cover  the  pupil  they  should  be  removed,  as  tbt;^ 
leave  behind  an  opacity  which  never  fully  clears.  Other  foraa  " 
pterygium,  which  may  grow  in  any  direction,  follow  the  positions  O 
ulcers  which  result  from  burns,  and  purulent  and  diphtheritic  conjun<3 
tivitis.  Such  forms  of  the  growth  are  adherent  throughout  their  ac 
tci)t  to  the  subjacent  tissues,  and  may  produce  cicatricial  conCractio 
sufiicieul  to  cause  distortion  of  the  cornea  and  to  limit  the  motioui  o 
the  eyeball . 

To  remove  a  pterygium,  its  head  should  be  carefully  dissected 
the  cornea,  and  the  growth  excised  by  cDnver<;iu;;  incisions  of  tb 
scissors.  If  desired,  the  head  may  bo  tmtisplanied  Into  some  con 
vcnieiit  part  of  the  bulbar  conjunctiva.  Tnuisplautatiou  is  usually" 
preferable  in  large  growths,  as  bj  this  method  no  portion  of  the  con—' 
jUDCtiva  is  sacrificed. 

Pinguecula  is  the  name  given  to  a  yellowish  triangular  patch  o: 
bulbar  coi^unctlva,  whlcli  is  slightly  elevated  and  has  its  base  directt^S- 


no.»L 


Dlnectlon  of  liultMr  0(rnJiUK.-UT&  abiiwing  jitnciiaculB.    <Fucm.) 

toward  the  cornea.     It  is  ordluurily  found  fiimnltaneously  in  both  I 

tempoml  iind  the  niwml  pfirtions.     It  is  harmlew  except  as  regards  i. 

m«ic  appearance,  although  it  may  often  preceile  and  predispose  to 
pterygium.  According  to  Fuchs^  it  consists  of  a  thickening  of  the 
conjunctiva  with  increaae  of  its  clastic  fibres  and  an  infiltration  of 
hyaline  into  the  tissue  elements.     He  considers  that  it  is  a  form  ol 
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wnile  degfmenition  in  aasocmtion  with  cxtenial  irritant  action.  Fig. 
202,  alMniiig  Uie  bulbar  cxiTijuuctiva  dissected  from  the  ball  and  spread 
Mt,  ptes  a  repracntfliion  of  an  eye  ytitk  a  Pinguecula  both  at  the  inner 
lod  uw  outer  sides  of  the  coriiea. 

Pig.  203  givw  the  appcamnce  of  the  hyaline  degeneration  of  the 
mb-^oDJDiictii'al  connective  tissue  in  the  fiame  condition.  Overlving 
ud  »4ja«n(  CO  it,  is  an  endothelial  membrane  with  nuclei. 

no.  -m. 
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Mluuie  Hituctiuv  of  pilogueculA.    {Ku<:iw.) 


^p        *ii"ercnlmt  of  the  eonjun<^tiva,  always  a  rare  diBease,  is  seldom 

J***" 'D  thii  country.     It  ahowM  itsjelf  a»  great  thickenings  and  awell- 

11^  of  ihe  lid,  with  a  hicaliKeil  lump,  wliich.  on  eversion  of  the  lids, 

'Ppears  as  a  mass  of  granulations,     Where  the  growth  is  young,  these 

""^^  Bre  red  and  exuberant.     In  other  places  there  are  ulcerations 

'""'  |*rd«ceou9  spots.     The  lymph  elands  in  front  of  the  ear  and  under 

•  jaw  of  the  same  side  are  nsuatly  swollen.     The  disease  frequently 

^'ftDds  into  the  tear-psssages,  which  then  hecome  filled  with  granuln- 

'J'*^.    It  is  ordinarily  found  in   the  young  and  as  part  of  general 

I       .'^herculosis,  although  it  may  be  primary  and  chronic.     Arit'  says  that 

H      ^  impossible  to  diagnosticate  it  from  lupus,  epithelioma,  sjphilitic 

^V   '^r,  ond  chronic  bleonorrhcea  from  local  appcaranve  alone,  so  that 

I  ^^urse  to   a  earefiil   history,  and  to  microscopic  examination  of  a 

P^riion  of  it,  would  be  necessary  for  pn.iper  diagnosii!. 

For  Its  treatinout,  Horner  advises  ttie  scraping  of  the  granulated 
^^rfitce,  and  the  subsequent  employment  of  yellow  oxide  ointment, 
*ith  the  administration  of  arsenic,  cod-liver  oil,  and  iodine-water  inter- 
»iaJIy. 

SypttHitic  nffections  of  thi;  fonjunctita  are  usually  found  as  primary 
Ulcers  due  to  direct  infection.  They  may  also  arise  from  softening  and 
■ilceration  of  conjunctival  ^ummata.  Such  ulcers  generally  leave  finn 
fibrous  contracting  cicatrices  behind  them. 

Lupus  of  the  conjurmtiva,  aceonling  to  Arlt,  may  be  primary  in  thJs 
ntuatiou.  More  fi-equently  it  is  secondary  to  lupus  of  the  skin  of  the 
(see  and  eyelids.  It  presents  granulating  ulcers  which  resemble  those 
of  tuberculosis.  He  describes  a  series  of  fibrinous  bands  as  surround- 
ing and  iteparating  the  granulations,  and  says  that  afiCer  a  thorough 
canterization,  a  sieve-tike  mass  of  Bhroua  tidflue  may  be  seen  at  the 

t  EBDlwlra  UanulluiiR  •!«"  KnnkbelWo  4im  AugM,  8.  98.    U8t. 
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bottom  of  tho  nicer.  In  its  treatment,  prompt  cauterization  shonid  be 
reeorted  to,  Koch  aeserts  that  it  is  advantatteously  treiited  br  subci- 
taneous  injecLions  of  a  lymph  at!  prepared  by  him. 

Pemphigus  of  the  conjunctiva  is  a  very  rare  aiTection.  TW  boHjf 
soon  burst,  and  the  raw  surface  appears  grayish  and  covered  wiih 
an  adherent  membrane.  The  condition  may  lead  to  shrinking  of  ih* 
ootyunctiva,  or  to  aymblepharon. 


Ftbrolil  (ntdllomn  t>r  conjutiriiva.     (QriNcr.) 

Sarcoma  of  th*  conjunctiva  occasionally,  but  rarely,  has  its  primsry 
seat  in  this  membrane. 

Fibroid  ■papilhmntn  of  the  conjunctii>a  form  at  time*  at  the  coraeo- 
scleral  junetion,  and  recur  after  apparently  complete  removal. 

Fig.  204  represents  such  a  growth,  as  seen  by  the  author,  -wMA 
recurred  after  abscission,  and  which  was  only  permanently  dei(roy«J 
by  a  second  operation  in  which  nitric  acid  was  uwd  to  cauteriie  the 
raw  surfaces. 


<^HAPTER    XIV 


""DISEASES 


OF  THE  CORNEA. 


El  io*^^  *^v^    inn*'  ^trous  tissiice,  the  cornea  is  little  (lispogeJ  to  take 

etai'8*    *^t^    ■    "^tnniBtion,     Not   infrequently,  however,  it  manifests 

4  is,  ^     **iV|iw       '***  nuiritioD  which  are  due  to  conatituiional  disease. 

jje  *'?'^l^iit^,*  ^^^S  frequently  the  seat  of  pathological  changes  that 

ff**  '^*^^Uit  ^^^  <li8eafle  ol  adjacent  tissues.    From  such  causes,  and 

^e  most  <iotj|    y  ^  injury,  the  afl'eclions  of  this  membrane  hecoine  one  of 

apott  ^^^■'di*.       **  pathological  condition.s  of  the  eye  which  we  are  called 

visio"!  Oy       '      ^nflamaaation  not  infrei)uently  serJoiisly  interferea  with 

-((ggflrft  •   tU*^   Softening  the  tissue  that    it    gives  way  to   intra-ocular 

»ler3.       A     ^  confiequent  alteration  of  curvature  impairing  its  action  as 

nrodnc«^  y   ^^milar  though  converse  reault  may  be  cauaed  by  contraction 

leaving  -^   y  cicatrizing  processes.     Moreover,  uleci-s  and  inflammation, 

Uifl«BiTrinj.*^''nent  opacities,  interfere  with  tninspurency.     Idiopathic 

mo*t  of     V*^^  '-*'  ""'  "i^ually  aceimpanicd  hy  llif  formatitni  of  pus,  while 

iaclatft    ^*  trftumatie   and  secondary    inflHiinnations  are  suppurative 

Itis  cp.     *'*"?  keratiti»t  in  its  most  usual  form,  is  a  disease  of  the  young. 

ilis-   If  t '^''"-''  "^  accompaniment  either  of  scrofula  or  of  inherited  syph- 

in  thn     ***'gins  with  irregularly  rounded,  whitish  dots,  which  first  appear 

WUfcll   '^*''i*''e  of  the  membrane,  or.  at  times,  iti  its  periphery.      It  is 

(jy^  y  accompanieil  by  diffuse  haze,  ciliary  injection,  and  a  marked 

^ti()n  of  new  vcsseJn,  that  often  present  a  raised  yellowish-red 

j-^ftt  at  the  limbus.     At  times,  the  opacities  are  so  completely  eon- 

a  ^  *o  the  interstitial  lamina  of  the  cornea,  that  the  cloudy  portion  of 

.     ^eiiitjraiie  looks  as  if  it  were  covered  with  a  layer  of  clear  glass. 

Other  time;',  the  corneal  epithelium  appears  rou;ih,  irrcj^ularly  swollen. 

.  ^^  Heedle-stuck.    As  the  disease  proceeds,  the  irregular  whitish  patches 

«ie  lamclhe  grow  larger  by  fusion,  and  the  cornea  sometimes  becomes 

H     J  opaque  that  vision  may  be  ruiluced  to  mere  perception  of  light.    The 

H  *^"Ouding  is  frequently  accompanied  with  intense  cilinry  injection,  a  con- 

*'**nt  flow  of  tears,  and  a  great  dread  of  light,     The  amount  of  vascu- 

Wiiiition  varies  largely  in  different  cases.     Vessels  shoot  in  from  the 

VoperGcial  and  especially  the  deep  loops,  until  at  times  the  entire  mem- 

hrane  becomes  of  a  dark-red  tint.     Their  fonnniion,  which  is  never 

priaiary,  and  always  following  a  previous  interstitial  deposit,  generally 

occurs  in  tlmt  part  of  the  periphery  that  in   nearest  to  the  densest 

opacity.    Thrv  mav  begin  simultaneously  in  several  places,  and  it  is  not 

UQCQDimon  to  see  two  vascular  patches  make  their  uppearuuce  at  the 

same  time.     When  the  disease  subsides,  the  coniea  clears   from   its 

periphery,  the  opac^ue  white  dots  in  the  centre  being  the  last  to  disap- 

jMtar,     Ofletk  there  is  a  development  of  iritis,  with  the  formation  of 
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posterior  synechia;,  wbicH  may  bo  recognized  when  tho  corneal  haze 
panialtj  subsides.  CborioidDl  degeneration  and  secondarj  retimti&  may 
also  at  times  W  neefn. 

Fig.  20'^  kIiowk  the  UKual  p(>.«ition  of  the  iiitenjtitial  deposit. 

The  Bubjects  are  usually  hetween  six  and  twenty  yeari  of  age.  Occ»- 
Bionally  it  develops  as  late  as  twenty-five  or  thirty  years  of  age.  Some 
of  the  most  acute  and  obstinate  attacks  are  those  which  appear  at  puberty. 
It  13  always  chronic,  lasting  from  (wo  or  three  month*  to  m  many 
years.     GonenUly  both  eyes  ai'e  atfeclcd,  the  discn^  in  the  second  eye 
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Beotlaa  of  lutonrtlUal  teniUb.    (WBtiL.) 

usually  beginning  a  few  weeks  after  its  appearance  in  the  first.  Often, 
discouraging  relapites  occur  aflor  a  period  in  which  there  has  been 
marked  improvement.  Even  in  the  nio^t  fitvonible  cases  it  is  rare  to 
find  a  re-catablishment  of  anything  like  perfect  acuity  of  vision.  Fre- 
quently, owing  to  softening  through  the  chronic  inflBmruation,  the  mem* 
brane  undergoes  distention,  nnd  the  eye  becomes  myopic  and  irregularly 
BStigmatic. 

Almost  all  writers  have  recognized  tbat  the  disease  is  frequently  SD 
e.\hibition  of  conHtitutioiial  ilyscrasia,  but  it  remained  for  Hutchinson 
to  show  how  often  it  Lt  a  mnnifestaiion  of  inherited  syphilbi.  A  very 
large  proportion  of  the  patients  have  a  scaphoid  face,  with  cicatrices  at 
the  angles  of  the  nmuth  and  ala;  of  the  nose.  There  is  a  peculiar  for- 
mation of  the  central  upper  incisor  teeth,  which  are  broader  at  the  base 
than  at  the  cutting  aurfiice.  This  surface  presents  iilight  irregular  pro- 
jections, which  break  ofl"  and  leave  markfd  vertical  notches.  These 
deformities  in  the  ceniml  upper  incisors  are  the  only  ones  that  are 
considered  characteristic  by  Hutchinson.    Sometimee,  only  one  of  them 
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pRtenu  this  tnalfonnation ;  some  of  the  neighboring  teeth  being  but 
(unly  developed  or  even  wantinc. 

Fig.  ^08  shows  two  upper  ana  four  lower  rccenlJIy  cut  incisors  (per- 
manent) from  a  subject  niili  inheiited  B^philiij.     The  upper  teetb  are 
Qarrow  from  aide  to  side  at  their  edges,  and  show  ii  thin  middle  lobe, 
tiiat  is  bounded  above  by  a  crescentic  line.      The  lower  teeth   are 
rounded  and  have  foliated  extremities.     All  of  them  are  small,  and 
spaces  occur  between  ihem.       In  the  upper  ones,  the  crescentic,  thin 
middle  lobe,  and  in  the  luwer  ones  the  foliated  extremities,  will  break 
avruy,  and  the  upper  teeth  will  be  left  in  the  Htate  ithown  in  Fig.  20(i. 
The  teeth,  where  they  arc  short,  convergent,  narrow  from  side  to  side  at 
their  edges,  show  vertical  notches. 

The  teeth  shown  in  Fig.  20T  are  almost  similar  in  character  to  those 
in  Tig.  -206.  Here,  however,  the  notches  are  lew  deep,  while  the  nar- 
rowing from  side  to  side  is  (juice  marked. 


rw.3Ds. 
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INiiinBueui  luclKini  of  Inbcfiifd  iiriihnii.    iHervmicaiMi.) 

Irregular  projections  from  the  lower  incisors  are  also  often  found. 
he«e  may  be  due  to  rachitis  nnd  to  other  vices  of  nutrition  occurring 
•iuriiig  the  growth  of  the  permanent  set.  We  must  also  diatinguisu 
tlie  pegged  and  notched  form  of  the  central  upper  inciaors  from  the 
^lorizontal  Btriie  and  grooves  thii.t  are  due  to  meusles  or  to  some 
oilier  acute  disease  whidi  has  affected  the  system  juHi  before  dental 
•eruption. 

If  we  accept  the  signs  of  facial  development,  cicatrices  on  the  skin, 
and  pegged  and  notched  leelh,  especially  where  ihey  coexist  with  a 
eeriea  of  niiscarriagca  and  detid-born  children  in  the  family  history,  aa 
symptoina  "f  inherited  syphilis,  then  a  large  proportion  of  ca»e«  of 
interstitial  keratitis  is  due  to  this  disease.  Many  cjisea  show  general 
thickening  of  the  periosteum  ol  the  tibia.  Leas  frequently,  nodes  are 
present.  We  also  encounter  casefl  where  these  signs  are  wanting,  and 
■where  we  find  only  the  thick,  coarse  skin  and  enlarged  glands  that  are 
doe  to  Bcrofuln. 

Th«  eyes  shoold  bo  protected  from  irritants  by  light^tintcd  Lon- 
don-smoked coquilles.  The  conjunctival  sac  should  be  washed  H'v- 
«nil  times  daily  with  a  solution  of  boric  acid,  In  the  early  stage 
of  the  disease,  atropine  is  to  be  instilled,  to  prevent  the  develop- 
ment of  secondary  iritis.  If  there  be  much  photopliubiit  and  ciliary 
injeetion,  or  if  iritis  be  present,  the  atropine  should  be  continued,  nnd 


DI8BA8K8  OF   TITS    OORKKA. 


cocaioe  added  to  the  boric  acid  solution.  We  should  not  forget  that  the 
continued  use  of  atropine  in  Hieae  casca  may  produce  iucrcaae  of  intra- 
ocular t^usion.  Inunctions  of  one  drachm  of  mercurial  ointment  gently 
but  persi-stentlj  ruhbei)  into  tin-  skin  of  tlio  abdomen,  twice  in  tweiity- 
four  hours,  are  of  advantage.  Under  its  use,  the  patient  often  loses  hij 
pallid  appearance  and  becomctf  ruddy.  The  drug  may  usually  be  con* 
tinned  for  months  without  salivation.  When,  for  any  reason,  inunction 
is  undfsinihle,  the  one- forty- eigUih  of  a  grain  of  bichloride  of  mercury 
disRolvfd  in  iivc  or  ten  drops  of  tincture  of  pcrChlorido  of  iron,  is  an 
admirable  remedy.  As  nutrition  ia  impaired,  <|uinine,  cod-liver  oil, 
malt,  good  food,  etc.,  are  often  called  for.  In  the  later  stages  of  tlie 
diaeasf!,  the  mudemte  use  of  hot-water  oompresses  is  often  beneficial  in 
stimulating  the  circulation  in  and  around  the  comen,  thus  aiding  to 
clear  up  the  opacities.  It  is  not,  howL'ver,  always  well  borne,  ana  we 
are  frequently  obliged  to  remain  eatisfied,  as  regards  local  treatment, 
vrilb  keeping  the  eye  vleanscd  from  seerutiona  iitid  protected  from  ligbt. 
Wlicii  the  atuiek  cnmcH  on  suddenly,  with  marked  ciliary  injection, 
great  photophribia,  nod  a  rapid  fonnution  of  bloodveMelfl  in  the  cornea, 
and  where  there  is  frontal,  circumorbital  and  ocular  pain,  great  relief, 
with  prompt  subsidence  of  the  symptoms,  is  often  obtained  by  leeching 
the  temple. 

Malarial  mttvatitial  keratitis^  occurs  in  middle-aged  adull«  who  have 
suffered  from  severe  intermittent  fever  and  who  have  actjuired  enlarged 
spleens.     It  was  first  described  by  Arlt.     He  statei*  that  the  cornea 
intact  in  its  surface  and  curvature,  while  the  o|Micity  reeembles  n 
which  ban  been  crumpled  and  oiled.     In  the  cases  which  remained 
enough  under  treatment,  he  found  tbat  the  membrane  cleared  under  the 
internal  use  of  quinine,  iron,  and  saline  waters,  such  us  Karlsbad. 

Occasionally,  we  Qnd  a  tmnsient  interstitial  haze  of  the  cornea 
resulting  from  acute  conjunctivitis  following  exposure  to  cold. 

Keratitii  buUosa  is  a  rare  form  of  interstitial  intlammation  of  the 
cornea.  It  occurs  in  e.\w  whose  function  has  been  impaired  by  glaucoma 
or  by  irido-cyclitifl.  In  this  disease,  an  increase  of  infrn-ocukr  tension 
is  accompanied  by  the  formation  of  large  bulhe  in  the  cornea,  which  may 
be  from  four  to  five  millimeters  in  diameter.  The  bullic  are  situated  on 
a  base  of  grayish  infiltrated  and  previously  inflamed  cornea,  and  are 
usually  limited  to  the  central  or  lower  {HLrt  of  the  membrane.  They  are 
only  partly  filled  with  fluid,  which  may  readily  be  displaced  by  gentle 
pressure  on  the  eyelids.  Their  walls  consist  of  the  epithelium  and 
Bowman's  membrane,  and  ncwly-fonneil  tissue.  Considerable  pain, 
ciliary  injection,  and  photophobia,  usually  accompany  their  formation. 
When  they  break,  they  leave  a  shallow  but  extensive  ulcer.  After  tliey 
rupture,  the  eye  should  be  cleansed  with  boric  acid  solution  and  a  com'- 
press  bandage  should  be  applied.  Any  irido-cyclitic  or  glaucomatous 
symptoms  should  receive  appropriate  treatment.  Where  the  disease  is 
tne  result  of  glaucoma,  an  iridectomy  will  Mmetimes  be  of  use.  Often, 
however,  intra-ocular  changes  are  so  far  advanced  that  no  advantage 
can  result  from  it.  Saennseh  reconis  a  case  in  which,  owing  to  re- 
peated attacks,  he  was  obliged  to  perform  eaucIeatioD.  The  author  has 
bad  two  similar  experiences. 
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St^jfpurative  kfratitis,  in   its  various   forms,  is  due  to  injury,  or 
is  secondary  to  disease  aflecting  otli^r  lisflues  of  the  eye.      It  varies 
jErreatlv,  not  only  in  form  and    Rppcarnnce,  but  in  the  dangcrn  with 
'wbicli  tbe  eye  is  threatened.     A  careful  study  of  the  principal  varie- 
ties and  of  the  processes  of  repair  is  necessary  for  suocesaful  treat- 
xxkent     In  these,  as  in  all  rhe  other  varieties,  the  gray  infiltrdtion  of 
trixe  edges  and  bottom  clears  up  when  the  ulcer  begius  to  heal.     The 
comeol  epithelium  growa  in  over  the  rough  Burfat-e,  dipping  down  into 
itix  friouosittes,  and  leaving  an  efTusion  of  plastic  lyniph  beneath,  which 
loDg  remains  milky  and  translucent.     In  many  cases,  it  becomes  trans- 
pkerput,  and  uAsumes  a  structure  which  is  more  or  less  analogous  to  that 
j>Teriously  destroyed. 

rio.  aos. 
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Fig.  209  represents  a  corneal  aleer  which  has  destroyed  the  ovcr- 
Irinff  epitlielium,  the  anterior  elastic  lamina,  and  about  one-thirii  of  the 
ttuCKoess  of  the  coraenl  tissue.  It  is  beginning  lo  heal,  and  newly- 
(imued  bloodvesaols  have  reached  lo  it^  miLrgins.  There-  ia  atill  slight 
infiltration  of  tlie  corneal  fibres  at  tbe  bottom  and  sides,  which  have 
become  covered  by  an  outgrowth  of  corneal  epitlrelium. 


Fio.  210. 
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Fig,  210  shows  a  section  through  the  resuUant  cicatrix  of  such  an 
ulcer.  The  surface  is  slightly  retracted.  The  anterior  elastic  inera- 
brane  has  not  regenerated  over  the  entire  surface  of  the  cicatrix.  The 
previous  cavity  has  become  tilled  with  lyuipb  which  has  orgatiizeil  into 
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tissue  tlinl  rcsemhlefl  liwiltby  cornea.     At  iu  surface  tliere  Ere  sereral 
pluces  wlicro  plugs  of  cpitbeliiim  shoot  down  into  it. 

Simple  perforations  or  clean-cuts  of  the  cornea  heal  in  a  »imilar 
muiner.  leaving  a  scar  which  is  always  visible  by  a  magnify ing-gla» 
and  oblique  light.  The  membrane  of  De«oemet  either  remains  with  ito 
end  jutting  into  the  anterior  chamber,  or  »ome  portion  of  it  is  roUe<l 
into  the  wound,  to  be  united  firmly  with  conical  liasue.  and  leave  an 
open  groove  which  extends  into  the  true  corneal  tissue.  When  an  ulcer 
ia  near  the  edge  of  the  cornra.  the  formation  of  adjacent  bloodvessel  loops 
is  a  favorable  sign,  as  fresh  uiHierinl  for  repair  is  thus  brought  to  it. 
Fig.  211  represents  a  deep  cornetil  ulcer  with  a  gray  halo  in  Uie  comesl 
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tissue  around  it.  There  is  also  unguis  and  hypopyon.  Secretion  of  pa 
in  the  chamber  is  frequently  attended  by  the  formation  of  posterior 
synechiie,  and  tenderness  of  the  eyeball.  When  these  extHt,  tliey  con- 
stitute positive  evidence  of  the  Involvement  of  tlie  iris  and  of  the  ciliary 
body  in  the  Inllnmmatory  process.  In  such  cases,  it  is  justifiable  to 
suppose  that  part  of  the  hypopyon  is  produced  by  these  conditions. 
Unguis  and  hypopyon  are  most  frofjuently  found  in  the  deep  ulcers  that 
are  due  to  phtyctvnulHr  in  flam  mat  inn  and  in  corneal  abscess. 

The  m^Uibrnne  of  I>eseen]et  resists  ulceratimi  better  than  the  corneal 
tissue  itself,  so  that  clear  hernia?  may  be  often  seen  projecting  from  the 
bottom  of  deep  ulcers.  Occasionnlly,  when  this  protrusion  gives  way, 
as  in  small  and  deep  ulcers,  a  corneal  Ustula  fonns.  Tins  apparently 
occurs  because  the  ruptured  ends  of  the  memhrsne  of  Descemet  are 
drawn  ouUard  and  are  applied  to  the  etlges  of  the  wound,  thus  pre- 
venting any  exudation  ft-om  sticlting  to  them  and  closinp;  the  opening. 
When  this  lakes  place,  iulra-ocular  tension  is  lessened,  and  the  eye  is 
liable  lu  recurrent  attacks  of  inflammation.  In  sueh  ca.'^es,  rest  in  bed 
and  the  careful  application  of  a  pressure* bandage  will  often  bring  about 
closure  of  the  wound.  ISomctimes  it  may  be  neceasary  to  carefully  cauter- 
ize the  edges  of  the  ti.stu1a  with  nitmteof  silver  or  a  tine  red-hot  metallic 
probe.  Where  tlie  ulcer  is  large,  contraction  of  the  external  muscles 
and  the  escape  of  the  atjueous  may  bring  the  Icns-capsule  and  the  iria 
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in  contact  witb  it.     Where  it  is  small  and  central,  sufficient  lymph  may 
ht  cffiued  QOt  only  to  fill  tbo  wound,  but  ul^o  tu  ^luc  it  to  the  lens- 
cspsalc.     In  all  cases  there  is  a  >;radual  presimrc  on  the  anterior  sur- 
face of  the  leus  by  the  reaccumulation  of  the  acjueou*,  as  the  closure 
of  tlie  wound   bewiiien   firmer  Hnd   the  new  corneal   tissue  urbanizes. 
Tki*,  with  the  contraction  of  the  okstic  iris,  often   rnptures  the  con- 
ft«rtion  of  the  anterior  capsule  to  the  cornea,  thus  cuusing  the  Ions  to 
•"wirnie   its  normal  position,     Sotnelimes  the  lymph   on  the  capsule 
■■finsins  attnched  to  the  scar  on  the  cornea  by  u  thread.     At  limes  it  is 
loose  and  pcmst^  as  an  nlevuiod  opuipie  miiss  mi  the  ciipsiite.    This 
Ofl«Q  ffiveft  rise  to  disturbance  af  the  luitritJon  of  the  epithelial   cells 
Iwieath    it,  causing   the  whule  to  appe»r  as  a  more  or   le^  opiu^uc 
fmmidal  mnss  that  projects  into  the  anterior  chmnber.     This  consti- 
tutes what   is  known   at-  anterior  ventral  ruptular  cataract.     If  the 
aifection  be  congenital,  the  aifccted  area   is  generally  larger  in  size. 
When  the  ulcer  is  quite  largo,  or  is  less  central  in  position,  a  pro- 
trosiou  of  the  iris  through  the  corneal  opening  is  often  met  witli. 
This  constitutes  what  in  termed  protapne.  of  the  trie.     Fig.  212  repre- 
sents a  perforating  ulcer  of  tlie  cornea  with  prolapse  of  the  iris.     There 
is  a  halo  of  gray  infiltratioD  around  the  ulcer.    The  drag  on  the  iris  hits 
causeil  displacement  of  the  pupiL 

If  the  prolapse  be  small  and  is  conical  in  shape,  it  may,  at  times,  by 
cnrefol  bandaging  and  abstinence  from  all  mu-scular  effort,  he  gmdually 
pDsbed  back  from  the  oomea  as  the  wound  henls.  Ofiencr,  hciwever, 
it  remains  incarcerated  in  the  acar  and  pulls  part  f>f  the  iris  forward 
tcrow  the  anterior  chamber,  profliicing  a  conilition  to  which  the  name 
of  anterwr  ifynecMa  is  given.  Fig.  213  gives  a  good  representation  of 
a  section  through  the  anterior  .segment  of  a  globe, 
showing  the  firm  nttachuicnt  of  the  iris  to  the 
comcft.  On  account  of  tho  constant  pull  on  the 
iris  in  ita  incessant  contraction  in  response  to 
Tarious  intensities  of  light  and  with  every  act  of 
convergence  and  accommodation,  this  condition 
conetitutca  a  grave  lesion.  It  is  always  disa-strous 
when  the  corneal  cicatrix  is  protuberant.  In  such 
a  case  it  is  sure  to  he  followed  by  nn  increase 
of  iutra-ocular  tension  and  secontlary  glaut-oma, 
with  complete  excavation  <jf  the  iutra-ocular  end 
of  the  optic  nerve.  M'hcre  there  is  an  extensive 
tttoer  with  a  large  prolapse  of  the  iris,  a  soft 
mass  of  exudation,  composed  of  granulationij  from 
tlie  iris  and  remnants  of  the  corneal  tissue,  i$ 
apt  to  appear  during  the  healing  proces.s.  These, 
which  slowly  yield  to  intra-ocular  pressure  and  form 
'*  projection  from  the  trout  of  the  eye,  are  known 
Bs  »tavh/ioma  o/  Oif  rornea.  They  are  either 
lirresularly  globose  or  pymmidal  in  shape.  Where  th^e  staphyloma 
involves  the  whole  cornea,  it  is  said  to  be  total.  Where  only  a 
part  of  the  cornea  is  affected,  the  protrusion  is  known  as  partial. 
VS^ere,  on  account  of  intra-ocular  pressure,  tbe  soft  iris  and  exuda- 
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tion-masse^  bulge  through  the  comparattTelv  rcaiBting  remnants  of 
oornciLl  tissue,  it  is  dc&ifrnated  ns  rtMeemose.  rnrlial  staphyiomata  ore 
apt  to  be  conical  iti  shape,  while  total  staphyiomata  are  generally 
irregularly  ruuntlcil.  At  times  the  surface  of  the  projection  i«  covered 
vith  dense  epithelium,  and  nppeani  hard  and  hnrny.  Rarely,  some 
DUDute  ceQtrat  portion  remains  !<uflicientty  clear  to  temporarily  gire 
useful  vision.  Not  unfrequently,  all  liglit-perceptiori  is  lost;  this 
being  the  result  of  pull  on  the  iris  and  ciliary  hody,  causing  secon'Jary 
glaucoma  with  complete  excavation  of  the  head  of  the  optic  ner^'e- 
Where  a  loitg-standing  staphyloma  has  become  large  enough  to  project 
bet'weeii  tlie  Uds,  there  ia  often  great  thickening  of  its  anterior  walU. 
Tliii^  i»  due  both  lo  elfitt^ion  of  )>lariUc  lymph  and  more  (lanicularly  to  a 

freat  increase  an<l  thickening  nf  the  epithelimn  frum  constant  irriuition 
y  the  air  ntid  minute  foreign  bodies.  Itehind  the  stapbylonjatous 
tissue,  a  spiie^  filled  with  iluid,  which  is  often  of  oonsiderahle  size,  is 
found.  This  corresponds  with  the  posterior  chamber.  The  ant«nor 
chamber  is  obliterated  by  the  union  of  the  iris  and  the  oomcal  tiaeue 
Tcrananta.  At  times  the  lens  remains  in  its  proper  position.  More 
often  it  is  dislocated  and  Hbruukeu.  In  either  case  it  is  always  opaque. 
Sometinie!i,  n<>  remnants  of  it  are  to  be  fitund,  the  lenn  bnviiig  either 
been  extrudeil  through  the  ulcer,  or  having  been  abjHirbed  after  bursting 
of  its  capsule.  As  »  rule  the  ciliary  processes  are  atrophic,  but  tuay 
be  enlarged  in  places  and  project  into  a  bulge  in  the  wall  of  the  staphy- 
loma. When,  after  long-standinc  iuflammation  of  the  ciliary  region, 
the  sclerotic  at  the  periphery  of  iTie  anterior  chamber  is  distended  by 
intra-ocular  pressure  and  protrudeSj  the  projection  is  known  as  inttr- 
citlary  $taj>hylama. 
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Fig.  214  shows  a  total  staphyloma  of  the  comoa  with  great  thicken- 
ingof  the  anterior  part. 

Fig.  215  represents  a  section  of  n  somewhnt  similar  staphyloma  from 
the  eye  of  a  child.  It  shows  the  thickening  of  the  anterior  wall,  the 
plastering  uf  the  iria  against  ita  posterior  Eturfnce,  and  the  immense  in* 
crease  in  the  size  of  the  posterior  chamber.  The  divided  lens  has  been 
slightly  dislocated  in  cutting  the  eyeball. 

Where  the  staphyloma  is  small  iind  partial,  a  broad  iridectomy 
opposite  to  the  clearest  pan  of  the  cornea,  may  give  a  degree  of  use- 
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al    sight.     In  addition,  it  may  so  reduce  intm-ociilar  pressure  as  to 

km&ble  the  cicatrizing  portion  to  contract  more  firmly  and  thus  effect  a 

IpLrcia]  care  of  the  iJiseose.     Usually,  however,  the  ataphyloma  con- 

['^ues  to  grow,  interfering  with   tlie  action  of  the  lids  and  cuusing 

Gripping  of  teuro  over  the  cheo):»:.     Recurrent  attacltH  of  inflatAuiation 

uittT  supen'ene,  which  may  prniluce  sympathetic  irritation.     If  this  last 

Condition  maoifeste  itself,  enucleation  should  be  resorted  to.      If  the 

vuphytoina  is  merely  an  annoyance,  and  constitutes  only  a  defurtaitv* 

sn  operation  for  its  removal  may  be  resorted  to.     This  consists  simply 

ilicuttitij;  it  off  and  inserting  a  series  of  sutures  around  the  opening, 

which,  acting  on  the  principle  of  a  purse-string,  will  contract  and  thus 

kdp  cicatrization.  On  account  of  the  pc^ssibility  of  causing  sympathetic 

ilinurbance,  the  method  of  putting  sutures  tlirougli  the  ciliarv  region  is 

now  abandoned.     Should  the  sudden  diminution  of  intra-ocular  tension 

caa8e<l  by  abscission  bring  on  chorioidal  hemorrhage,  the  eye  should  be 

removed. 

Instead  of  a  prulru«ion  of  ihe  anterior  part  of  the  eye  after  corneal 
tdceration,  shrinkage  may  occur.  This,  which  is  known  as  phthinia 
eamttKj  may  appear  when  a  considerable  portion  of  the  cornea  baa  been 
destroyed.  Here  the  corneal  layers,  which  have  become  in&ltrated  with 
lymph,  are  glued  to  the  iris  by  anterior  synechia.  Often,  owing  to 
contmction  consetpient  upon  panophthalmitis,  a  shrinking  of  the  entire 
eyeball  ensues,  which,  under  the  action  of  the  recti  muscles,  becomea 
more  or  less  quadrate  in  form.  This  condition  is  denominated  phthi»U 
bvJhi. 

Xtrotie  keratki*.  In  patients  exhausted  by  prolonged  fovcra  or  debili- 
tating maladies,  the  eyelids  do  not  entirely  shut  (.luring  somnolency.  Part 
of  the  cornea  thus  exposed  dries,  and  ts  subjected  to  the  irritjition  of 
dust  and  other  minute  foreign  bodies.  Under  these  circumstances  the 
membrane  becomes  covered  with  a  yellow  crust  which  adheres  to  the 
lashes  and  to  the  dried  comcn.  If  thta  crust  be  softened  witlt  warm 
water,  and  gently  remofed  by  a  pair  of  forceps,  the  underlying  cornea 
will  be  seen  to  bo  ulcerated.  Iliis  ulcer  has  the  clinructcristic  gray 
infiltration  of  its  walls  Tlie  only  instimces  ever  observed  by  the  author 
occurred  during  the  War  of  the  Kebellion  in  tbe  United  Slates.  All 
the  patients  were  in  the  last  stages  of  typhonmlarial  fever  and  of 
dysentery.  Arlt  reports  recoveries,  with  entire  clearing  up  of  the 
alcor. 

Malaeial  keratitia  is  a  term  applied  to  a  softening  and  sloughing  of 
the  com«a,  which  usually  occurs  in  mnrasmio  infants  during  the  first 
few  weeks  of  life.  Here  the  momhrane  gmduiiily  aollens,  and  is  thrown 
off  piecemeal,  a  rt-iult  which  is  followed  by  hemorrhage  into  the  vitre- 
ous chamber  and  panophthalmitis.  In  a  number  of  interesting  case^ 
reported  by  Graefe,  there  was  encephalitis.  Arlt'  haa  seen  cases  of 
recovery  take  place  where  there  was  a  virulent  small  central  opacity 
nod  an  anterior-central  capsular  catariict, 

yeuro'paraltftic  kfratid'a.  It  has  long  been  known  that  when,  owing 
to  intra-vraniul  disease,  there  exists  a  paralysis  of  the  trigeminus  and  a 
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Io«a  of  senSAtion  in  the  parts  supplied  hy  it,  hypersetoU  of  the 
tiva,  with  an  iiitliiinmation  of  the  cornea,  maj  bo  found.     1 
cornea  becomes  irregnlnrlj  liaity  ami  bus  opiu{uc  spots  ncattcrcd  througl 
its  tissue.     Tbese  ajre  most  fretjuent  itod  dense  at  or  near  tbe  centre 
Ulceration  often  enauea.      The  condition  is  generally  attrihuted  to  th 
fact  that  loss  of  corneal  and  conjunctiva}  sensibility  prevents  the  constant- 
reOex  tid-niovonionts  which  ordinarily  kix'p  these  membrauea  moist  and 
free  from  irritants;  that  is.  the  action  of  foreign  bodies,  in  coiyanclion 
with  the  dryness  of  tbe  membranes,  may  excite  Inflammation.     This  is 
well  shown  in  ordinary  la^^pbthalnios,  where,  unless  the  lids  bo  kept 
shut  by  a  proper  bandage,  or  the  eye  be  protected  by  a  watch-glaas  held 
iu  place  by  adhesive  plaster,  the  organ  becomes  inflamed.     With  the«e 
precautions  and  by  the  aid  of  mild  aatrin^eucs,  such  eyes  may  be  maile 
white  and  ijuiet.     The  results  of  the  most  modern  experiments  in  physi- 
ology point  in  the  same  directloD. 

Some  experiment,  howcvt-r,  such  ns  those  of  Melunor  and  Scbiff, 
seem  to  show  that  the  cutting  of  the  nicKiut  (trophic)  fibres  of  tbe  nerve 
is  attended  with  inflnmmation  even  if  the  coniea  has  not  entirelv  lost 
its  sensibility.  The  author  has  reported'  a  case  undoubtedly  of  intra- 
cranial origin.  Here,  although  the  patient  was  seen  soon  afler  the 
beginning  of  the  keratitis  and  the  eye  was  carefully  washed  and  band- 
aged, a  cenlnil  curiieal  slouch  formed. 

AhwrHit  'if  the  riimea  ;  Ult^Hr  coriiete  aerneiui;  fftfpopifon  keratitii. 
This  grave  affection  of  the  cornea  is  found  almost  exclusively  in  persons 
in  middle  life,  and  there  is  generally  a  history  of  preceding  ii^ury  of 
the  eje.  BlennorrhcBa  of  the  lacrj'mal  sac  is,  at  times,  a  predisposing 
cauM.  According  to  Saemiscb,  it  is  found  in  thirty-two  per  cent,  of 
serpiginous  ulcers  of  the  oomea.  Tbe  patients  are  usually  from  tbe 
poorer  classes,  in  whom  the  processes  of  nutrition  and  repair  are  below 
the  normal  standard. 

In  such  ca«ps  wc  find  a  yellowish -gray,  rounded  spot,  infiltrated  with 
pus  celhi,  with  an  area  of  swollen  tissue  around  it,  near  tbe  centre  of 
the  cornea.  Later,  tlie  anterior  wall  heing  thrown  off,  an  open  nloer, 
with  prominent  attbongh  undermined  edges,  is  revealed.  Usually  one 
edge  of  the  ulcer  becomes  more  swollen  and  infiltrated  than  the  rest  of 
ita  margin.  This  portion  increases  more  rapidly  and  tbe  ulcerous  masA 
I06M  its  original  round  form.  Soon  cloudiness  of  the  a4|ueoua  humor 
and  hypopyon  appear,  which  latter  often  increases  in  extent  till  it 
occupies  from  one-half  to  two-thirds  of  tho  anterior  chamber.  One 
would  naturally  suppose  that  this  pu8  came  from  tbe  corneal  ulcer,  and 
the  fact  that  we  can  often  observe  a  yellowish  streak  deep  in  t)ie  curiiea, 
leading  from  the  bottom  of  the  ulcer  to  tbe  commencing  hypopyon, 
would,  as  pointed  out  by  Horner  and  by  Arlt.  seem  to  confirm  this 
theory.  Some  authors  are,  however,  unwilling  to  believe  that  the  pus 
cells  cun  wander  through  the  membrane  of  Descemet.  and  are^  there- 
fore, obliged  to  assume  that  it  is  furnished  by  the  ciliary  proceaa  and 
the  iris.  At  the  outset  the  process  is  often  almost  painless.  Usually 
the  iris  and  the  ciliary  body  soon  are  involved  in  inflammation,  and 
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the  condition  becomes  one  of  the  most  painful  of  eye-aSections.  Shonld 
the  abscess  be  opened,  a  tough  slough  of  some  of  the  lamellre  of  the 
cornea,  as  well  aa  pus  from  the  ulcer  and  from  the  anterior  chamber,  is 
not  infrequently  evacuated.  If  left  alone,  the  disease  progresses  till  a 
large  perforation  of  the  cornea  occurs,  and  the  eye  is  lost  by  irido- 
cyclitic  processes. 

Abicenet  of  the  cornea  during  and  after  fevers.  In  severe  cases  of 
variola,  corneal  abscesses  coming  on  during  the  stage  of  desquamation, 
or  subsequent  to  it,  are  not  uncommon.  They  are  different  from  those 
which,  as  the  consequence  of  a  pustule  forming  in  the  conjunctiva  at  the 
edge  of  the  cornea,  arise  at  an  earlier  period  of  the  disease.  Saemisch 
gives  an  example  of  the  occurrence  of  corneal  abscesses  in  the  seventh 
week  of  typhoid  fever.  These  were  coincident  with  abscessee  in  the 
scalp  and  in  the  skin  of  the  back.  In  his  case,  an  abscess  formed  in 
each  cornea.  One  burst  and  caused  a  conical  staphyloma.  The  other 
healed,  leaving  a  central  leucoma.  Corneal  abscesses  also  appear  in 
pysmic  processes.  They  also  coincide  with  the  formation  of  abscesses 
in  other  parts  of  the  body. 

As  all  varieties  of  suppurative  keratitis  are  serious  and  threaten  the 
eyesight,  we  must  watch  them  carefully,  limit  their  progress,  and  bring 
about  healing  as  promptly  as  possible.  All  ulcers  should  be  carefully 
and  repeat^y  washed  with  some  cleansing  and  antiseptic  material. 
This  is  to  be  done  by  gently  separating  the  lids  and  directing  a  stream 
of  the  solution  against  them  from  a  pipette.  Boric  acid  is  the  most 
useful.  Where  ulcers  are  indolent  and  there  is  but  little  pericorneal 
injection,  weak  solutions  of  chlorine  water,  of  peroxide  of  hydrogen, 
of  carbolic  acid,  of  benzoate  of  sodium,  or  of  bichloride  of  mercury, 
may  be  resorted  to.  A  solution  of  atropine  should  be  instilled  suffi- 
ciently often  to  keep  the  pupil  dilated  and  to  diminish  the  tendency  to 
hypersemia  and  inflammation  of  the  iris.  If,  in  spite  of  this  treat- 
ment, the  ulcer  spreads  and  remains  gray,  hot  water  applied  to  the 
closed  lids  by  compresses  often  brings  about  a  rapid  healing.  It  may 
be  applied  at  half-minute  intervals,  from  ten  to  twenty  minutes,  three 
or  four  times  a  day.  Where  the  symptoms  are  more  urgent,  it  may  be 
used  continuously.  Where  the  ulcer  is  deep  and  threatens  to  per- 
forate, a  compress  bandage  is  often  of  advantage.  In  many  cases,  how- 
ever, where  there  is  much  discharge  from  the  conjunctiva,  or  where  there 
is  a  high  grade  of  eczema  of  the  lids,  we  are  compelled  to  desist  from 
its  application.  If  the  ulcer  is  sluggish,  or  if  its  edges  are  under- 
mined, local  stimulation  is  at  times  advantageous.  It  is  best  performed 
by  either  placing  a  drop  of  laudanum  on  the  ulcer  by  means  of  a  fine 
brush,  or  by  touching  the  bottom  and  edges  of  the  ulcer  with  a  button- 
pointed  silver  probe  made  red-hot  by  holding  it  in  the  flame  of  a 
Bunsen  burner  or  an  alcohol-lamp.  A  prompt  whitening  of  the  walls  of 
the  ulcer  is  the  result  of  the  latter  application,  which  may  be  made 
almost  entirely  painless  by  the  previous  use  of  cocaine.  It  also  has 
the  two  great  advantages  that  its  action  is  entirely  under  the  control 
of  the  surgeon,  and  that  it  does  not  cause  any  irritation  of  the  con- 
junctiva. Galvano-cauteries,  although  more  complete,  are  more  expen- 
sive and  require  care  in  their  use.     Where  the  ulcer  is  small  and 
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deep,  the  meubrane  of  Descemet  nt  tinier  prujectu  into  it  bh  a  hernia. 
In  such  cases  it  is  advAntageoiis  to  tap  the  hernia  with  a  needle  nnd  to 
gently  evacuate  the  iu|ucou8  humor.     This  should  be  done  because  Uie 
perforation  so  produced  is  of  less  extent  and  heaU  more  rapidiv  than 
that  which  would  result  were  the  ulcer  left  to  bur«t.    A  compress  bund- 
age,  to  fiicilitatu  cloHui-t!  of  tUe  wound  and  to  prevent  prolapse  of  the 
ins,  should  be  applied  after  the  operntirm.    If  perforation  occurs,  and  a. 
smiiJl  and  recent  prolapse  of  iris  tissue  takes  place,  attempts  to  replace 
tbe  iris  by  gently  pnsbing  it  back  with   a  horn  spatula  or  a  Dariel's 
gp(>on  may  be  tried.     Care  should  be   taken  to  previously  disinfect  the 
conjuiictivul  sac.     A  compress  bandage  should  be   applied  after  the 
operation.     Where  the  ulcer  is  central,  it  is  generally  assumed  that  the 
application  of  atropine  favors  the  retractiyn  of  tlie  iris  from  the  corneal 
wound.     If  it  be  peripheral,  cfierine  is  to  be  recowmended  for  the  annio 
purpose.     Under  tbe  me  of  a  compress  bandage,  small  prolapses  vitl 
often  heal  nicely  with  a  flat  cicatrix.     Where  the  prolapse  bulges  for- 
ward like  a  cyst,  it  is  best  to  seize  it  with  an  iris-forceps  and  cut  it  off. 
If  it  is  very  large,  we  usually  Ciil    to  atain  any   permanent  result  by 
abscission.     In  ract,u  further  portion  of  the  irie  may  bo  forced  into  the 
vound,  thus  replacing  that  which  has  been  excised.     Where  clcatriw- 
tiou  is  perfect,  and  u  portion   of  the  iris  is  retained  in  the  scar  and 
thus  pulled  forwan]  out  of  it^  normal  plane,  the  condition  is  deoigoated  as 
OTUerior  ey»r<^hiii-     Although  this  always  displaces  the  pupil  and  puts 
a  conatant  pull  on  the  iris  as  it  expands  and  contrncLs,  it  may,  never- 
thelctu,  be   innocuous,  and   the   eye   remain   quiet   for   many  years. 
Where  the  cicatrix  is  protuberant,  it  always  leads  to  increase  of  intra- 
ocular tension.     In  such  cases  an  iridectomy  should  be  performed  after 
the  cicatrization  has  become  complete  and  the  eye  has  become  free  from 
ciliary  injection.     ShuuKl  decided   increase  of  tension  come  on  before 
tbe  eye  gets  quiet,  it  will  he  neccwary  to  perform  iridectomy.     The 
result,  however,  will  be  much  more  certain  if  it  can  be  poatponed.     In 
any  case  of  prolapse,  the  compress  banda^  should  bo  continued  till  the 
wound  is  Brmly  healed,  the  patient  being  enjoined  to  abstain  during 
this  period  from  straining  and  active  exercise. 

In  all  cases,  we  must  remember  that  corneal  ulcers  heol  more  slowly 
in  the  old  than  in  the  younj;,  and  lew  readily  in  the  feeble  and  tboM 
with  impaireil  nutrition.  We  must  look  to  liygienic  surrcmndinga, 
and,  where  nect^^ary.  onler  concentrated  and  digestible  food  with 
stimulants.  In  cases  of  corneal  abscess  and  serpiginous  ulcers,  where 
they  are  large  and  threatening,  and  where  there  is  not  prompt  and 
marked  improvement  under  the  use  of  hot  water  and  atropine,  opera- 
tive measures  should  be  proceeded  to.  The  best  is  that  propoaed  by 
Sacraisch.  This  coiisisis  in  first  introducing  a  Graefc  knife  into  the  sound 
cornea  on  one  side  of  tbe  ulcer,  the  back  of  the  instrument  being  held 
toward  the  centre  of  the  eye  and  its  edge  being  turned  forward.  While 
maintaining  this  position,  the  ulcer  is  to  t^e  bisected  by  bringing  the 
knife  out  on  the  oppoiaite  side  of  the  cornea.  As  the  ulcer  is  apt  to 
advance  fu.s[er  in  the  direction  of  the  palpebral  fissure,  it  is  usually 
posaible  to  slit  it  in  its  long  axis  whilst  the  lids  are  held  apart.  When 
the  long  axis  of  the  ulcer  is  oblique,  the  eyeball   is  to  be  seized  with 
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the  fixation-forceps  and  rotated  sufficiently  to  render  it  possible  to 
make  the  incision  in  a  horizontal  direction.  By  the  use  of  cocaine,  the 
incision  can,  in  most  instances,  be  made  without  fixation.  In  the 
opinion  ot  the  author,  this  is  an  advantage,  as  the  cyclitis  which  accom- 
panies these  cases  renders  the  ball  sensitive  to  the  touch  or  to  any 
dmg.  The  incision  should  be  made  slowly,  and  the  knife  carefully 
withdrawn,  so  that  the  aqueous  humor  may  be  gently  evacuated  and 
the  iris  not  carried  into  the  wound.  Sometimes  the  exudation  in  the 
anterior  chamber  is  not  entirely  evacuated.  In  such  cases,  it  may 
be  necessary  to  remove  it  with  an  iris-forceps.  At  times,  we  are 
obliged  to  remove  the  leather-like  slough  of  corneal  tissue  which  ad- 
heres to  the  sinuous  and  undermined  edges  of  the  abscess  in  a  similar 
manner.  When  a  small  quantity  of  fluid  pua  remains  at  the  bottom 
of  the  anterior  chamber,  it  does  not  detract  from  the  effect  of  the 
operation.  The  pain  may  still  be  severe  after  the  procedure.  In  feet, 
it  is  often  considerably  augmented,  but  in  a  few  hours  is  very  much 
relieved.  In  order  to  promote  prompt  healing  of  the  wound  and  to 
prevent  prolapse  of  the  iris,  the  patient  should  remain  absolutely  quiet 
in  bed.  Sometimes,  on  the  following  day  the  anterior  chamber  will  be 
found  partially  refilled  with  pus,  or  the  edges  of  the  ulcer  will  be  again 
swollen  or  infiltrated.  In  this  case  the  wound  should  be  reopened 
with  a  horn  spatula,  such  as  is  used  to  replace  an  iris  after  prolapse. 
If  the  corneal  wound  has  united  too  firmly  to  permit  of  this,  a  Graefe 
knife  should  be  employed.  By  this  treatment,  we  shall  usually  succeed 
in  saving  an  eye  with  an  indelible  linear  cicatrix  and  an  adherent  iris. 
In  favorable  cases,  when  a  considerable  portion  of  the  cornea  has  been 
left  intact  and  transparent,  an  after-iridectomy  may  afford  useful  vision. 

The  arrest  of  the  sloughing  process  in  the  cornea  broug'ut  about  by 
the  Saemiaeh  operation,  and  the  similar  effect  of  the  spontaneous  per- 
foration of  smaller  ulcers,  have  caused  artificial  evacuation  of  the  con- 
tents of  the  anterior  chamber  to  be  tried  in  the  treatment  of  ulcers. 
Such  procedure  is  entirely  inefficient  in  the  creeping  form  and  in 
abscesses,  and  frequently  fails  in  smaller  ulcers.  The  mere  slitting  of 
abscesses  without  opening  the  anterior  chamber  often  fails  tO'  arrest 
the  sloughing  process.  Arlt  has  suggested  that  more  satisfactory  re- 
sults might  be  obtained,  where  the  Saemisch  operation  fails,  by  using 
the  electric  cautery  instead  of  reopening  the  wound.  In  some  cases, 
thorough  cauterization  of  the  ulcer  with  the  electric  cautery  may  be 
advantageously  substituted  for  the  Saemisch  operation. 

Opacities  of  the  cornea  are  sometimes  congenital.  Generally  they  are 
the  result  of  inflammation  or  of  ulceration  occurring  during  extra-uterine 
life.  According  as  they  presented  a  slight  haze,  a  decided  spot,  or  a 
dense  and  permanent  opacity,  the  older  writers  classified  them  as  nube- 
cuUe,  maculcey  and  leucomata.  As  the  tissue  in  the  cornea  is  resilient 
and  inextensible,  any  loss  of  substance  is  made  up  by  exudation,  and 
subsequent  organization  of  connective  tissue  and  epithelium.  Conse- 
quently, such  scars  are  larger  in  comparison  with  the  extent  of  the  ulcer 
than  they  would  be  in  the  skin  where  the  neighboring  tissues  are 
dragged  into  the  original  wound.  Vision  is  affected  not  only  according 
to  their  extent,  density,  and  position,  but  by  reason  of  the  alterations  which 


846 


DISEASES    OF   THE    COHSEA. 


they  cnu«c  in  corneal  curvature.  An  absolutely  dense  opacity  occapy- 
iiig  a  part  of  the  pupillary  nrea  may  he  comparatively  harmless,  as  its 
only  eflect  would  be  to  diminish  the  aperture  in  the  diaphra^'iu  through 
1*1  hich  the  patient  sees.  A  similnrly  poi«itionet1  opacity  of  the  same  size. 
thouj;;h  of  leas  density,  may  b«  much  more  injuriouB  to  the  vision.  Hen 
it  not  only  diniiniahcs  the  aperture,  hut  catuca  auch  irregular  diiFusion 
of  light  as  to  fog  the  sharp  retinal  image  obtained  through  the  clear 
portion  of  the  cornea.  The  reparative  powers  of  corneal  tissue  are, 
however,  great.  Ft  is  wnrvderful  to  what  an  extent  the  effused  lymph 
will  sometimes  clear,  becoming  organised  into  a  tissue  which  closely 
reacrobles  the  original  corneal  fibres.  This  power  of  restitution  not 
only  varies  with  the  extent  and  deptti  of  the  ulcer,  but  is  »till  more 
influenced  by  the  age  and  vigor  of  tlie  patient.  At  times,  deep  and 
even  perforating  ulcers  caused  by  npbtlialmta  neonatorum,  become  m 
clear,  in  time,  that  it  is  dilhcult  to  find  a  trace  of  them.  In  later  life, 
and  in  enfeebled  stibjecW,  perforating  ulcers,  or  even  those  that  stop  at 
llie  mendiraue  of  Dei*ceraet,  leave  indelible  scars.  Where  there  has 
been  anterior  synechia,  or  even  any  iris-pigment  in  the  cicatrizing  tis- 
sue, the  prognoisis  is  still  more  unfavorable.  In  Icneomata  from  abscess, 
the  corneal  tisisue  is  always  incapable  of  becoming  tratispareul.  The 
cicatrices  following  jiannus,  and  rubbing  of  inturiied  eyelnffhe:^,  are  also 
irremediable.  Where  the  opacities  are  slight,  they  often  give  rise  to 
myopia.  This  is  owing  to  the  feeble  illumination  of  the  retinal  image 
and  consequent  incre-itse  of  convergence  and  accommodation  which  is 
necessary  wlien  work  is  held  near  in  efforts  (o  obtain  larger  retinal 
images.  In  the  some  way  they  nugraont  any  tendency  to  8<|uint. 
Where  they  are  recent,  and  not  very  deep,  even  though  dense  in  the 
centre^  there  is  hope  of  tlieir  clearing  so  long  as  their  eilges  are  irreg- 
ular and  frayed.  If  they  are  of  long  standing,  have  sharp-cut  edges, 
and  e-xtend  into  the  deeper  layers  of  the  cornea,  they  will  be  perma- 
nent. 

Band-like  opftcitt'eg  are  those  which  extend  as  narrow  ribbons  hori- 
zontally across  the  anterior  layers  of  the  cornea.  They  present  a  slightly 
whitish  stippled  appearance,  and  have  tolerably  sharp-cut  upper  and 
lower  edges.  Beginning  in  the  centre  or  at  the  edge,  they  are  sepa- 
rated  from  the  corneal  lirabus  by  a  narrow  clear  zone  of  substance. 
Alihongh  forming  in  eyes  which  are  otherwise  healthy,  they  are  usually 
found  where  there  is  glaucoma,  or  chronic  cborioidal  disease,  even 
where  sight  h  entirely  lost.  Microscopically,  they  appear  either  as 
numerous  colloid  maitses  under  the  epithelinm  and  in  the  interior  layers 
of  the  comen,  or  as  inliltrtttionH  of  corneal  tissue  with  deposits  of  the 
phosphate  and  carbonate  of  calcium.  There  ia  a  difference  of  opinion 
as  to  their  relation  to  other  forms  of  eye-disease.  Some  hold  that  they 
are  the  cause  of  glaucoma,  and  others  believe  that  they  are  evidences  of 
foregoing  pathologicjil  cli.inges.  In  many  insUinces  it  woidd  appear  as 
if  they  were  the  products  of  changes  which  had  become  stationary. 
Thus,  Bowman,  Dixon,  Nettleship,  and  other  English  writers,  have  had 
good  results,  and  have  improved  the  eyesight  by  cutting  and  scraping 
them  away.  In  some  of  these  instances,  the  good  reaulta  hare  been 
permanent,  and  have  not  been  followed  by  any  mcrease  of  intra-ocalar 
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in.  Arlt  relates  a  case  where  cataracts  were  successfully  extracted 
vhilet  the  opacities  were  present,  leaving  fair  vision. 

Arim»  $enili$,  or  gerontoxon,  is  an  opacity  of  the  cornea  wTiJch  is 
imrlT  always  due  to  old  age.  \i  consiEte  in  a  gray  arc  which  runs 
wmllel  with  the  limhus.  It  ia  always  soparatnJ  from  the  limbus  hy  a 
line  of  clear  tissue  of  about  a  millimeter's  width.  It  forma  first  at  the 
upper  corneal  margin,  then  at.  the  lower,  exteniling  from  these  Bituiilions 
M  as  to  prodace  an  opaque  ring.  It  always  remains  broadeft  above  and 
bdow.  Microscopic  examination  shows  that  it  consists  of  a  fatty  de- 
generation of  the  cornea!  fibres.  In  certain  famihes  it  is  of  frequent 
oceorrence.  It  may  develop  iu  youth  and  iu  middle  life.  Under  these 
circomatancee,  Canton  believer  that  it  ia  apt  to  be  a.sKociated  with  fac^ 
d^eneration  of  the  external  eye-inuscleA  and  the  hcart-musclea. 

CojtgenUal  opacities  of  t/ie  cornea  are  iipt  to  occur  in  partially 
dereloped,  or  microphthnlmic  eyes.  They  are  generally  coincident 
with  coloboma  of  the  chorioid,  and  are  probably  due  to  arrest  of  develop- 
ment. They  may  be  causeil  by  inflammation  of  the  eye  during  foetal 
life.  In  many  cases,  they  clear  or  diminish  during  the  first  few  months 
lAer  birth. 

Many  corneal  opacities  which  follow  ulceration  may  be  much  benefited 
sf^er  the  infiammatory  condition  has  cea.^e<l.  The  various  remedies  in 
vogne  Bt  different  periods  have  been  almost  exclui*irely  stimulant  in 
character,  causing  temporary  redness  and  watering  of  the  eye.  The 
v««t  number  of  these  found  in  the  older  books,  bear  witness  to  their 
inefficiency.  Here,  as  in  corneal  ulcer,  the  proper  use  of  hot  compresses 
is.  in  the  author's  opinion,  o(^«n  attended  with  go<x.l  results.  The  other 
preparfttious  usnally  employed  are  salves  compi^ied  of  some  prepnnition 
of  mercary.'  If  the  drug  be  dry,  care  should  be  taken  that  it  be  rubbed 
to  the  finest  possible  powder  in  an  agate  mortar  before  it  is  mixed  with 
the  excipicnu  The  ointment  of  red  or  white  precipitate  and  yellow 
oxide,  of  the  strength  of  from  one  to  five  grains  to  the  drachm,  are 
&vorite  applications.  The  hut  named  is  the  mildest  and  the  least  pain- 
fal.  Finely  powdered  calomel,  or  sugar  mixed  with  bitartrate  of  potas- 
sium, or  borax  dusted  into  the  eye,  may  also  prove  of  benefit.  Among 
the  oleaginous  preparations  recommended,  oil  of  turpentine  with  olive 

EI  is  one  of  the  most  efficacious. 
Dunng  the  last  fifty  years  there  have  been  constant  efforts  to  excise 
!rmanent  corneal  opacities  and  replace  them  by  portions  of  clear 
>rne».  Sometimes  entire  cornea?  removed  from  animals  have  been 
oployeil.  Both  operations,  however,  have  been  followed  by  opacity  or 
shrinkage  of  the  graft,  VoQ  Hippel  has  devised  a  rotary  trephine 
driven  by  a  spring,  by  which  a  piece  of  cornea  from  one  to  four  railli- 
metens  in  diameter  may  be  excised.  The  piece  is  to  be  dissected  out  and 
replaced  by  a  graft  cut  with  the  same  trephine  from  the  clear  cornea  o! 
aome  animal.  He  asserts  that  prcviouit  methods  have  been  unsucccss- 
fiil  by  rcAson  of  their  cutting  tlirough  the  entire  cornea,  thus  exposing 
tbe  inserted  plug  and  the  adjacent  corneal  tissue  to  the  action  of  the 
■oaeous  humor.  He  avoids  this  by  stopping  the  trephine  just  in  front 
61  the  membrane  of  Descemet  and  dissecting  out  the  plug  of  tissue  by 
a  q)ecial  knife.     The  operation  is  of  too  reconi  date  to  judge  by  cxpe- 
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rience  of  ita  reeiilts.  It  is  evident  tb&t  its  ronse  of  appIicatioD  most 
be  rety  limited,  as  it  cannot  be  applied  with  advantage  to  cases  villi 
Bftterior  aynechiu  or  to  opacities  lying  in  tlie  deepest  corneal  layera. 

Whore  the  opacity  lies  oppc»ito  ibt*  pupil,  viaion  may  be  benefited  hj 
aa  iridectomy,  thus  allowing  lijiht  to  enter  through  a  dearer  portiooof 
the  (ymiea.  In  cases  of  band-lilte  opacities  in  which  the-  anterior  Uyon 
are  infiltrated  with  lime,  the  opaoue  areas  are  best  rcmoveil  by  scratch* 
iug  off  the  epithelium  and  introducing  a  cataract-knife  immllet  to  die 
layers  of  cornea,  ho  as  to  split  and  cat  them  off.  Tattooing  the  cornet 
wa8  introduced  by  Wecker.  India-ink  or  other  carbonaceous  matmtl 
in  very  fine  division,  is  mixed  with  water  and  brushed  over  the  leuocKiiL 
The  opacity  is  stuck  with  6ne  needles  till  portions  of  the  pijrment  larf 
become  entangled  in  its  Liiisuo.  It  is  iist^ertt^d  that  an  uti^ijihtly  deformity 
U  thus  removed,  and  that  ^lighi  Cf^ntral  opacities  may  be  made  pa- 
fectly  opai^ue  and  rendered  less  disturbing  to  vision.  The  cosmetic  effect 
is  often  readily  attained.  Its  application  is  limited  by  tlic  liability  d 
exciting  fresh  attacks  of  irido-cyclitis  in  cases  of  antenor  syneaiia, 
when  the  eye  has  become  quiet  and  comfortable.  Besides,  the  flow  of 
blood  tends  to  wash  the  carbon  out  of  the  tissue,  and  prevents  it  fnm 
becoming  permanently  imbedded  in  vascalar  cicatrices. 

Fm.  2)0. 


OonMi  ocmiot.    tLULttviu-LE.) 

Keratoconua ;  Staphyloma  pdhtcidum.  Conical  cornen  is  »  «6* 
formity  in  which,  wnilat  the  cornea  gradually  becomes  thinntr,  iB 
peripheral  portion  flattens  and  its  central  part  projects  as  a  poioM 
cone.  The  apex  usually  points  inward  and  a  little  downward,  f"' 
tissue  remains  transparent  throughout,  except  in  advanced  flW^ 
when  the  conical  point  becomes  hazy.  The  cause  of  keratocoDS*  *• 
not  known.  It  appeara  without  apparent  inflammation,  and  genert'y 
arises  suddenly  during  youth.  The  author  has  twice  noted  its  oocar- 
rence  in  several  members  of  one  family.  Fig.  216  gives  a  good  ill**' 
tration  ol  the  condition. 

The  patients  couipkiu  of  dim  vision,  short-sightedness,  and  poKop^** 
At  the  apex  nf  the  corf>  there  is  a  high  degree  of  myopia.      In  e^?^,*! 
succeeding  zone  toward  tlie  base  there  is  a  ditferent  degree  of  din** 
ished  refraction,  until,  as  a  rule,  there  will  be  hypermetropia  ia 
more  peripheral  parts. 


DISEASES   OF   THE    COBNEA. 


349 


In  sdvinced  awes,  there  is  no  (lifficiilty  in  the  fliagnosis.  Where  the 
AimebDOt  well  marked,  the  dtBtoited  images  wbicli  the  cornea  gives 
of  diitiHt  window-bare,  and  the  curious  play  of  light  and  sliadow  along 
iliebMemd  sides  of  the  cone  when  the  membrane  i»  lighted  with  the 
opltbdmoecopc,  often  become  vuluuhk>  aida  in  its  recognition. 

As  it  has  been  found  that  the  our^-eiit  of  such  a  comen  are  parabolic, 

Rftelilniuii  haa  atlculated  deBitite  formulwi  and  has  had  a  series  of 

puabolie  ghu»e8  ground  to  remedy  the  defect.     Their  use  is  said  to  be 

»ni«im«i  satisfactory.     We  mny,  though  of  course  more  imperfectly, 

Hwke  Dae  of  cylindera  or   a  stenopicie  slit.      Thus,  when   the  cone 

pwits  downward  nnd  its  opex  is  below  the  centi-e  of  the  pupil,  the  com- 

pMBlJvfiy  flat  part  above  ia  often  advantageously  currecleii  by  a  convex 

^iinder  with  it»  axis  placed  horizontal.      8uch  »  lens  creates  fur  this 

portion  of  the  membrane  an  even  myopia,  thus  allowing  more  comfort- 

ibleaear-work.    Strong  concave  cylinders  may  be  employed  to  improve 

distant  rJBion.     In  more  advanced  cases,  a  stenopieic  slit,  whilst  dimin- 

isning  the  field,  may  facilitate  near-work.     Psiuting  a  concave  ^Ims 

*'tli  lirunswick  black,  so  as  to  leave  a  one-  to  iwo-mtliimcter  slit  in  the 

**Utre  of  the  lens,  ia  an  excellent  plan  for  accomplishing  the  same 

purpose.     Operative  measures  have  been  employed. 

for  the  more  pronounced  types,  Graefe  introdui 


itroduced  the  method  of 


I 


**iMving  the  apex  with  a  CHtaract-knife,  so  as  to  leave  the  deeper  corneal 
'®  Jera  intact.  He  followed  this  by  repentally  cauterizing  the  small 
'•^letr  thus  obtained,  so  as  to  prevent  healing  and  to  cause  more  exten- 
^>T«  cicatrization.  Bowman  attained  the  same  end  by  the  use  of  a  small 
**^psn.  It  has  been  supposed  that  the  softened  cornea  gave  woy  bo- 
^^i§e  its  resisting- power  was  uot  suCGcient  to  withstand  ordinary  intra- 
ocular pressure.  Attempts  have,  thprffore,  heen  made  to  permanently 
lower  tension  by  iridectomy.  The  author  has  seen  admirable  iridecto- 
toies  fail  to  arrest  the  increase  in  the  size  of  the  cone,  and  produce  much 
disturbance  of  vision  by  the  glare  and  diffusion  of  light  caused  by  a 
peripheral  pupil.  Where  the  patients  are  in  feeble  health,  a  rohorant 
and  nutrient  treatment  may  bo  of  service  in  altering  the  nutrition  of 
the  cornea  and  preventing  further  distention. 

Tumors  of  the  cornea.  Dermoid  tumors,  which  were  first  named  by 
Ryba,'  are  opaque,  yellowish-white  hemispherical  pruminencea,  so  seated 
in  the  corneal  margin  that  the  dividing  line  of  the  cornea  and  sclerotic 
ptBses  nearly  through  their  middle.  They  are  usually  solitary  and  are 
of  small  size.  Karely,  they  may  be  sufficiently  large  to  almost  cover 
the  cornea.  Saeuiisch  records  two  in  the  same  eye.  Both  Virchow* 
and  H.  Muller*  cilr  iiiiJUiucus  where  ihey  occurred  in  symmelricul 
positions  in  the  two  cyM.  As  the  name  implies,  their  structure  resem- 
bles that  of  the  skin.  In  fact,  ther^  is  a  thick  layer  uf  epidermis, 
below  which  there  is  a  tough  network  nf  elnstic  fibres  cf^nmining  n 
few  vessels  and  nerves.  Occasionally,  some  hairs  and  hair-follicles  .ire 
found. 

They  are  benign,  nnd  there  is  no  occasion  for  rerooral  where  they 
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are  stationary,  unless  it  be  from  defonni^,  or  irritation  Uiat  is  pro- 
duced by  the  nibbing  of  projecting  hairs. 

In  removing  them,  they  should  be  seiied  at  their  inner  border  with  a 
toothed  forceps  and  dissected  off  toward  the  periphery.  Care  should 
be  taken  not  to  attempt  to  remove  too  completely  the  underlying  infil- 
trated layers,  as  the  anterior  chamber  might  be  opened,  thus  converting 
an  innocuous  operation  into  one  catuing  serious  inflammation  of  the 
eye.  Swanzy  records  a  case  at  Graefe's  clinic,  where,  during  the 
removal  of  a  large  dermoid,  the  eye  was  so  extensively  openea  that 
vitreous  escaped. 

Sarcoma,  melanoma,  and  carcinoma  of  the  cornea,  have  their  origin 
in  the  conjunctiva. 


CHAPTER    XV. 


I 


DISEASES  OP  THE  SCLEKA. 

IttfUnnmation  of  t fir.  tclerotie  ;  SeUritig;  Eptafferiih.  The  sclerotic, 
like  Undinouit  .<ttructnre,  rarely  takes  on  active  inflammation.  Although 
fatty  and  calcareous  degentTations  may  sjipenr.  tumors  nusli  iheir  cells 
bctwpen  its  fibres  to  fill  the  lymph-cli«iitielri,  and  perfin-ate  its  coat^i, 
and  chronic  inflammation  of  the  chorioid  produce-*  lliiiining  and  hulg- 
mg.  yet  no  evidoices  of  inflammation  ever  appear  in  it  except  iu  that 
Tarierf  of  disease  denominated  ejiimcUritia.  This  affection  generally 
iLppeant  recurrently  at  diflerent  poiutt»  either  where  the  sclerotic  is  per- 
forated anteriorly  by  the  vessels  wliich  dip  down  through  it  from  the 
conjnnctivat  and  auhcnnjunctival  tis-iues  into  the  ciliary  body  or  into  some 
adjacent  region.  In  elderly  subjects,  a  small  rounded  lump  can  he  seen 
deeply  seated  in  the  ciliary  rt^gion.  near  the  coriioo-scleral  junction. 
I'his  appears  of  a  dull  purplish  color,  and  is  sem^itive  to  Couch.  The 
overlying  conjunctiva  and  its  vessels  are  freely  movable.  When  this 
mass  diminishes  ond  subsides,  it  leaves  a  depressed  dirty-gray  spot. 

Usuallv.  there  is  a  feeling  of  burning  and  discomfort.  At  times, 
photophobia  and  sharp  pain  appear.  Locally,  the  disease  often  remains 
aiumprove<I  by  treatment,  unless  radical  meaisures,  such  as  the  galvsno- 
or  actual-cautery,  be  emptoyed.  Kemediei?  addressed  to  the  general 
system,  especially  to  the  liver  and  the  digestion,  cause  it  to  eventually 
disappear.  Arlt  records  a  case  which  was  benefited  by  salicylate  of 
sodium.  Wecker  recommends  the  subcuiuneous  injection  of  piloc!»r|>ine. 
A  more  or  less  uiiifonu  discolomtiou  and  swelling  over  the  ciliary 
cone  is  fre([uently  an  evidence  of  sotue  chronic  chuiige  in  tlie  ciliary 
body,  ciliary  procewos,  or  anterior  part  of  the  chorioid.  In  such  ciuies, 
known  by  Arlt  as  uvecfckritig,  there  is  often  a  low  grade  of  inllamma- 
tion  of  the  periphery'  of  the  cornea,  which  eventuates  in  irregular, 
jigged  opacities  near  the  limbns.  OccAsionnlly,  there  is  intercurrent 
iritis.  At  times,  a  thinning  of  the  sclera,  which  causes  tlie  cornea  to 
project  and  the  eyeball  to  become  more  or  less  pear-shaped,  may  occur. 
Again,  there  may  be  a  positive  projection  of  the  sclerotic  in  the  region 
of  tlie  ciliary  bmly.  Where  the  projection  occurs  in  the  peripheir  of 
the  anterior  chamber,  it  is  cidled  an  inUrcalnry  ttaph/loma.  When 
it  is  slightly  farther  back,  it  is  temieii  staphyloma  of  the  ciliary 
iorfy.  .All  operative  interference  with  these  secondary  changes  is  to  be 
avoided,  except  when  the  inflammatory  processes  have  led  to  closure  of 
the  pupil.  In  high  degrees  of  myopia,  a  thinning  and  distention  in  the 
macular  region,  and  between  it  and  the  optic  disk,  known  as  potterior 
tlditht/lvma,  may  be  present. 

In  purulent  panophthalmitis,  ulceration  of  the  surface  of  the  sclerotic 
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may  appear,  if  left  to  itself.  If  such  oases  be  n^lected,  the  pns  wuSj 
evacuates  itself  through  the  thinneet  portion  of  the  solera,  oose  behind 
the  insertion  of  the  recti  moscles. 

Tumors  are  rare.  Saemisoh  ennmerates  fibroma,  sarcoma,  cyst,  and 
osteoma  as  of  occasional  occurrence.  Watson  r^tes  the  Buccesefbl 
removal  of  an  ivory  exostosis  as  large  as  a  good-aiEed  pea,  which  origi- 
nated in  die  sclerotic,  between  the  insertions  of  the  internal  rectos  mi 
the  superior  rectus  muscles. 


.^,j>er€emia  of  the  tVw  is  always  a  prelndc  of  inflammation.  It  is 
frequently  induced  by  iiiflumiuniiDn  und  congestion  of  adjacent  organs. 
For  instAnce,  it  may  be  seen  in  intcnso  conjnnctivitia,  kcratiria,  cpi- 
wleritis.  or  congestion  oC  tlie  anterior  part  ol"  the  cliorioiJ.  The  aymij- 
toms  are  pericomeiil  iiijeuiion,  BliigjiislincJis  in  nioveinent,  and  change  in 
tolor.  The  last  syinptoiu  is  depenilent  upon  an  increase  of  blooii  circu- 
ktion  in  the  iris,  and  probably  serous  infiltnition  of  its  tissue.  The 
rectdish-yelloiir  color  of  the  scrum  causes  n  bluish  iris  to  appear  greenish, 
uid  a  hazel  od«  to  look  reddish.  A  similar  change  of  color  in  the  iris  may 
tometimes  be  due  dimply  to  infiltration  of  blood  into  the  aqucouH  humor. 
Ib  this  case,  the  color  dis.ippcftrs  when  the  aqueous  is  evacuated.  A 
bypeiu'tnic  iris  frequeotly  resists  the  action  of  mydriaticsj  requiring  full 
dues  and  repeateif  applications  to  obtain  full  dilatation  of  the  pupil. 
This  is  proved  by  subsequent  exaini nations,  where  concentraie<]  light 
and  a  magnifying-gloss  have  failed  to  show  traces  of  attachment  to  the 
Mpsale  of  the  lens  or  exudation  into  the  aqueous  humor. 

Iritit.  Thin  condition  is  said  to  be  present  when,  in  addition  to 
ala^ishncss  of  the  pupil,  change  of  color,  and  pericorneiil  injection, 
Uiere  is  inflammatory  exudation.  If  the  exudation  appears  in  the 
pupillary  space,  on  the  uvenl  surface,  and  in  the  posterior  chamber,  and 
IS  tenacious,  forming  fibrous  masseji  or  sheets,  the  disewe  is  termed 
plaatic  iritis.  If  the  exudation  is  mainly  found  in  the  substance  of  the  iris, 
the  affection  is  called  parciichjmuluus  iritia.  Wlien  the  lymph  is  mostly 
effiwed  into  the  aqueous  Inmior,  the  disca,«e  is  known  us  mrroiiis  rViViV 
It  is,  however,  not  to  be  expGctc<l,  when  the  anaComiejil  configuration 
utd  the  vascular  supply  of  the  iris  arc  considered,  that  exudation  will 
be  limited  accurately  either  to  ita  surface  or  its  parenchyma.  Neither 
can  it  always  he  alike  in  all  attacks  or  iu  different  stages  of  the  same 
aitack.  Accordingly,  mixed  form.i  are  found  which  do  not  coirespond 
with  the  anatomical  standard  assumed  for  dassificution.  Unfurtunatelv, 
Uso,  constitutional  diathesis  fails,  in  most  instances,  ao  to  influence  the 
MHiTse  of  the  inflammation  us  to  produce  appearancee  which  ure 
characteristic.  Wo  are,  tlterefore,  obliged  to  study  the  anatomical 
ippeaiTincea,  and  to  satisfy  oureelvca  tks  to  the  diathesis  by  a  careful 
examination  of  the  history  of  the  patient  and  the  other  symptoms. 

In  cases  of  acute  iritis,  there  ie  generally  severe  pain,  sometimes  ocu- 
lar, but  more  commonly  referred  to  other  branches  of  the  Irigeminus. 
Ea{)ecially  is  this  so  to  those  fibres  which  arc  distributed  to  the  t(im|ile, 
the  forehead,  and  the  upper  jaw.  At  times,  there  is  hemicrania.  The 
pain  varies  much  in  different  forms  and  stages  of  the  disease.  In  acute 
ittacks,  it  is  often  s<!vcre,  preventing  sleep  and  ctmsing  iin  increase  in 
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temperature  of  from  half  a  degree  to  one  and  a  half  (legreefl.  Svm 
fever,  vritli  nauvea.  is  rarely  present,  except  when  there  is  wMndileni 
iuflamtnation  uf  t)ie  ciliary  body.  Even  if  pain  be  not  present,  it  omt 
be  readily  produced  by  expo«ore  of  the  eye.     Use  of  it  or  of  its  fdlow- 


fvj.  ai7. 


«fjr«  in  sear-work,  may  also  serve  as  caueatiTC  factors.  An  early  ml 
important  sign,  are  momentary  blurringii  of  both  distant  and  nm 
objeota.  At  times,  the  cramp  of  the  ciliitry  musicle  may  be  so  gmt  u 
to  'Cause  marked  increases  in  tlie  refractive  power  of  the  eye.  Later.  tli# 
acuity  of  vision  is  diminished  in  direct  proportion  to  the  naze  prodnod 
by  eflusion  into  the  aqueous  humor.     Except  in  eerous  iritis,  the  pupil 

r:.-T,  2!', 


P(«t«rloT  •jruechlv.    (JuiUEit.t 

ia  nsually  small.  Owing  to  the  small  size  of  the  pupil  and  the  itoo<^ 
bility  of  the  iris  during  eteep,  plastic  lymph  has  a  favorable  opporianilj 
to  fasten  itaolf  to  llic  iri»  and  capsule  of  the  lens  at  that  time.  Tht* 
adhesions  ore  termed  posterior  gi/neckia.  As  the  lymph  gravitiKe"' 
the  lower  purt  of  the  pupil,  they  are,  as  a,  rule,  most  numerous  in  tk** 
position.  When  they  ure  recent,  tind  not  too  broad  and  too  numenyfe 
they  can  often  be  torn  away  by  the  action  of  a  mydriatic,  leavins 
gmy  spots  of  lymph  on  the  lenscapaule,  nliich  may,  at  times, 
brown  by  the  a^therence  of  iris*pigment. 


'^ 
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fc» toftnK.'k  ?''  "^^'^  2'^^  illustrations  of  posterior  svnechiiB,  a«  ieen 

tU-     Pfi  ^'^"i^^'^ope-  ''gainst  a  partially  .Jilated  pupil.     In  the  firai,' 

have  b«n       V*'-''""'.  ^"o^*"  ol  whieli  Imve  been  put  on  iho  stretch  and 

ifce  di^o^"!?'^'^-^  lUtached  by  thp  action  of  a  mvdrifttic    The  effect  of 

Bhnwi  inin         '^^^^  ""'^  exte'iisive  one  at  the  lower  part  of  tlie  pupil  is 

paiirtiE    |l'''''^*P^''*'e-    The  swond '  figure,  ahows  the  left  eye  of  the  same 

dilaie'l  pu  ■1^'^^^*''"'''^*''*  ^svcbeen  entirely  torn  loose,  lenvinc  a  fully 

indimte  th        "^^^  ^^'"^'^  deposits  iu  llm  anterior  ca]}sule  of  tlie  lens, 

Piff  'Mft    i*"'  l'*^'"'^  *'  whicli  ilie  adhwions  liat^  been  previously  located. 

Sri  t     "'■''  "  P^^'ally  Ji''»tt;'l 

wbiie    'h  '"'"'^'"^"^  pigtnent-ayn-  ^"-  '•""■ 

ike  n     -I  ^^'  ''''■ing  to  adhesions, 

y        .        ^'^''^6   irregularly 

frni*.  fk        ''  ''"'■*''''"*^^''  extensions 

*  ""e-  action  of  the  drujj  at  point* 

{I'!  "''  ".Vliechiie  have  fonnwl. 

lien  the  pigmented  spotjs  are  ex- 

™iu-;iii,]  lio  not  become  ahsorbeil, 

"i^y  often  wttii^e  a  change  in  thenu- 

•f'tion  nf  the  cell3  umler  tlie  ante- 

^cipsule,  and  lead  to  permanent  opacities  of  ihe  lens.     Where  the 
srtiocijjff  are  hidden  behind  the  iris,  they  may  be  demonstrated  by  the 
'n«guUr  motions  of  tbe  pupil  when  the  eye  is  alternately  shaded  and 
*'Poscd  to  light,     Souaerimes,  it  is  necesjutrj-  to  instil  a  mydriatic  in 
OnJer  to  ascertain  their  presence.     If  they  arc  strong  and  broad,  they 
*re  generally  considered  as  one  of  the  causes  most  apt  to  produce  recur- 
rences.    They  drag  on  the  iris  during  its  movements,  and  thus  tend  to 
itritate  and  interfere  with  its  circulation.      In  severe  forms  of  plastic 
iafiammation,  ring-ahaped  tymcMce  which  clue  the  pupilhiry  ma^^cin  of 
tb«  iris  to  the  capsule  may  appear.    Where  toe  entire  posterior  surface  of 
tlie  itis  is  fastened  to  the  eapsuEe,  there  is  a  camvhtH  voHen'or  sifneckia. 
Either  of  these  conditions  cntfl  off  the  anterior  from  tne  posterior  cham- 
H  ber.     The  secretion  of  aqueous  humor  by  the  ciliary  processes  pouring 
Vinto  the  posterior  chamber,  causes  a  bulging  of  the  thinner  and  more 
peripheral  parts  of  the  iris  between  the  thicker  nuliating  portions  or 

Eillars.  The  portions  thus  dilated  form  a  scries  of  prominences  which 
nlge  into  the  anterior  chumbcr.  while  the  pupil,  wliich  thus  lies  deeper 
and  is  fastenetlto  the  anterior  «ipsule,  prestrnts  a  crater-like  depression. 
When  tnuch  oxuilaticns  cunipletely  cut  off  communication  between  the 
anterior  and  posterior  chambers,  trip  p-nmlition  is  termed  fjrWuj»('«n  of 
the  pupil.  This  condition  lends  either  to  increase  of  tension  and  glau- 
coma, or  to  inflamrontory  changes  in  the  chorioid.  Where  lymph  ie 
effused  into  the  jiupil,  almost  filling  it  with  a  yellowish-gray  cloud  whicli 

frojects  into  llie  anterior  chamber,  unehmon  of  the  pupil  take*  place, 
t  is  the  less  dangerous  of  the  two,  as  n  good  pupil  can  often  be  secured 
by  an  iridectomy.  Moreover,  there  is  frequently  incomplete  closure  in 
occlusion,  allowing  circulation  of  fluid  between  the  two  chambers,  and 
^rmitting  sufficient  acc«s8  of  light  to  give  useful  vision. 

I  iforcM  of  rcjoodiuiJnn  In  bUck  ami  vrblCv.  biu  c»tiiH?r]  iho  Icoi  In  the  puiiUlary  area  U> 
:iwull(iiani]c«taTacii>iit.    Ttili  1*,  h^ui-vcr,  noi  ihe  cb^ 
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Plattir  iriit't.     Here,  there  U  considerable  effusion  of  .®'J?"^\^ 
iymph,  either  causing  posterior  synechia  or  fonniag  a  fibn'oaw 
which  fills  up  the  pupil.     The  riolcnoe  nnd  mpidity  of  the  ■'! 

greatly.  In  some  cases,  severe  pain  with  marked  cili«ryinjei 
le  formation  of  aytiechirc,  appear  within  a  few  hours.  In  otliw*"^ 
is  discomfort  for  some  ilnys,  with  photophohia  and  wBteringFbfO 
eye  is  used  or  is  exposed  to  bright  light.  At  tJmeis,  a  shgtit  ^ol^'^r 
of  the  conjunctiva  around  the  cornea,  appears,  which,  npoii  soW*"?' 
allows  the  ciliary  injection  to  become  manifest,  tn  cww  of  mnio*'* 
iritis,  especially  after  cataract  operation,  where  the  uveal  surface  of '*'* 
iris  conies  in  contact  with  the  capsule,  plastic  iritis  and  the  formilion « 
adhesions,  with  but  little  pericorneul  injection  and  discomfort,  it  is^ 
quently  found. 

Part'iU'hi/mtitouM  intu.     In  tliis  form,  owing  to  Mudadon  into  tl» 
substance  of  the  iris,  there  ia  either  localized  or  general  thickening  ui^ 
swelling.     The  surface  appears  spongy.     Frequently,  there  is  an  enw* 
change  in  its  original  color,  and  often  there  is  a  formation  of  new  tcskU. 
The  tissue  may  become  infiltrated  with  either  lymphoid  cells  or  aggttp- 
tions  of  nuclei,  or  it  may  be  permeated  with  extensive  proUfentioH of 
connective  tissue.    The  latter  form  is  more  frequent  where  the  eoiiremi 
is  involved.  And  where  the  pupil  is  Brmly  occhuled  with  organiud  ai 
vascular  lymph.     In  those  forms  in  which  there  is  great  lymphoid  infil* 
tration,  lymph  and  pus  in  the  anterior  chamber  arc  found.    Thiseoc^ 
tion  is  known  »g  hifpopyon.  It  varies  greatlv  in  its  extent,  as  alw  ibilH 
rapidity  of  its  formation  and  ubsorpiion.     Fig,  220  shows  a  hypipyoa, 

with  considcmDlc  cbemosts  of  the  bulbar 
conjunctiva.  In  uncomplicated  iritis,  the 
pus  is  more  fluid,  less  consistent,  and 
less  mixed  with  slimy  and  (ibriooQi 
exudates  than  it  is  in  hypopyon  kerat- 
itis. 

Serfrut  iritis.  As  clouding  of  tht 
aqueous  humor,  and  precipitates  on  t^ 
memhrane  of  Descemet.  oflen  constituw 
tlie  most  prominent  eharacteristies  ff 
Tliift  disease,  tliis  form  of  inflamnituiB 
was  termed  DeKtnictitit,  Jl^dro-mm"' 
ijitis.  or  Aguo-capgufiti8.  Here  the 
pupil  is  ofWn  either  of  normal  si«  or 
slightly  dilated.  Frequently,  there  ii  a» 
increase  of  intra-ocular  tension.  In  this  form  there  is  almost  invariaUy 
a  conieinporaiieous  inflammatiuu  of  the  ciliary  body.  Graytab  of 
slightly  brown  precipitates  on  the  membrane  of  Descemet  are  dmeI 
numerous  and  largest  at  the  tower  part.  They  are  frequently  so  minnu 
OS  to  require  obhque  illumination  and  tlic  magnify ing-glass  for  tlifi' 
detection.  When  they  are  of  considerable  sine,  they  at  times  adbere 
quite  loosely  to  the  membrane  of  Hescemet  at  the  outset.  In  each 
coses,  should  increase  of  tension  necessitate  the  perfonnance  of  pif 
centesis,  they  m«v  he  evacuated  with  the  aqueous  humor.  At  times  tbej 
irritate  the  membrane  of  Descemet  and  cause  proItEeration  of  ice  wlk- 
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ft  becommg  ^f^^S  incorporated  with  it,  form  hillocks  that  pro- 
rate tbe  antenoT  chamber.  Long-standing  descemetitis  almost 
ija  produces  opacity  of  the  other  layers  of  the  cornea,  giving  origin 
variety  of  ideronng  keratitie. 

0  obtain  a  more  complete  idea  of  iritis  and  of  its  proper  modes  of 
aient,  its  moat  prominent  clinical  varieties  must  be  considered  at 
th.  These,  named  from  the  diseases  which  give  rise  to  them,  are  as 
ffs:  Rheumatic  iritis,  syphilitic  iritis,  gonorrhoeic  iritis,  and  tuber- 
la  iritis. 

hmmatic  iriti«.  Here  the  disease  may  appear  without  other  trace- 
AQse  than  what  is  usually  termed  "  taking  cold."  Although  gouty 
heumatic  subjects  in  middle  life  and  old  age  are  much  more  liable 
others  to  attacks  of  iritis,  yet  the  symptoms  ordinarily  found  do  not 
to  indicate  that  there  is  any  special  variety  that  is  developed  in  such 
IS.  In  iact,  it  presents  no  distinctive  patoological  appearances.  It 
t  in  infancy  and  in  youth.  As  a  rule,  it  is  mild  in  its  outset,  de- 
3g  with  slight  conjunctival  catarrh  and  with  slight  corneal  haze, 
imes,  however,  it  originates  violently,  with  severe  pain,  contracted 
and  marked  discoloration  of  the  iris.     In  such  cases,  there  is 

1  photophobia  and  lacrymation. 

hilitic  iritis.  Attacks  of  iritis  in  children  and  infants,  if  not 
.tic,  are  almost  invariably  due  to  inherited  syphilis.  In  such 
be  disease  may  appear  as  a  simple  plastic  iritis,  but  usually  there 
:emporaneou8  involvement  of  the  ciliary  body.  The  inherited 
f  the  disease  is  rare,  even  in  children,  except  as  secondary  to 
tial  keratitis.  In  adults,  the  acquired  form  is  frequent,  generally 
>ing  as  a  plastic  inflammation,  or  one  which  is  accompanied 
formation  of  gummata-  The  plastic  form  is  the  more  fi^uent 
.  It  is  differentiated  by  its  coincidence  with  other  secondary 
ms,  such  as  the  various  skin  eruptions,  fulling  of  the  hair,  and 
iment  of  mucus  patches.  Where  the  iritis  precedes  the  other 
itional  manifestations,  there  is  no  certain  guide  in  the  appear- 
'  the  eye  itself  that  can  conduct  us  to  a  proper  diagnosis, 
disease  is  frequently  insidious  in  its  onset.  Hyperemia  of  the 
th  episcleral  and  pericorneal  injection,  may  develop,  and  posterior 
ife  form,  which  attract  but  little  attention  from  the  patient.  It 
intil  some  slight  dimness  of  vision  or  an  attack  of  peri-orbital  pain 
,  that  the  patients  search  for  relief.  In  some  cases,  scute  pain, 
hobia.and  lacrymation,  develop  rapidly.  The  variety  accompanied 
formation  of  gummata,  is  found  at  a  later  period  of  the  general 
;  that  is,  when  the  secondary  symptoms  are  subsiding,  or  after 
ave  passed  off.  As  the  gummous  masses  generally  form  over 
the  minor  or  the  major  circulus  arteriosus,  they  are  apparently 
ced  by  the  disposition  of  the  bloodvessels  of  the  iris.  Some- 
they  develop  slowly,  appearing  at  first  like  whitish  opaque  cysts, 
)parate  the  fibres  of  the  iris.  An  example  of  this,  occurring  in 
o,  is  shown  in  Fig.  221. 

Qg  to  numerous  newly  formed  vessels  surrounding  the  growth, 
mes  yellow  in  the  centre,  with  a  border  of  red.  Sometimes  the 
itous  masses  are  yellowish-gray  from  the  outset.     They  are  often 
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single.  When  multiple,  they  may  slmost  fill  the  anterior  ehMitlter. 
They  arise  in  the  substance  of  the  iri»,  an'J  project  both  backwani  la*] 
forward.  When  large,  tliey  may  foitn  extensive  adhesions  to  tlie  ante- 
rior capsule.  ITsually.  thev  are  followed  by  partial  atrophy  of  the  por- 
tions of  the  iris  in  which  they  develop.  When  tbey  grow  from  the 
periphery  of  the  iris,  they  arc.  while  amnll,  almost  hidden  by  the  cor- 
neal limbus.  Hypopyon  fre«^ueiitly  acconijiaiues  thera.  Tlieirstrocturv 
during  growth,  like  that  of  other  gummy  tumor-s,  consisia  of  closelv 
packed  nuclei,  with  newly  formed  connective- tissue  cells,  which  art 
imbedde<l  in  the  gummy  materia].  Later,  caseum!  d^enemtion  with 
absorption  of  the  masaca  takes  places,  leaving  atrophic  spots  on  the 


im. 


no.  til. 


Oumua  of  Ibe  lit*. 

Gonorrhaeie  iriti»,  Notwithstan cling  the  prevalence  of  gonorrium, 
and  the  assertion  of  Furster  that  if  the  urethra  be  habitually  inspected 
in  every  com  of  iritia^  the  two  diseaxeK  would  be  found  more  frequently 
coinciding,  yet,  iritis  due  to  gonorrhtea,  clinically  seems  to  be  of  com- 
paratively rure  occurrence.  It  does  not  generally  occur  as  nn  immediate 
consequence  of  gonorrlnpaj  but  develops  in  those  cases  where  there  are 
Bwelling  of  the  joints  and  rheumatism.  In  sucli  cases,  renewed  attacks 
of  gonorrho-a  are  frequently  accompanied  by  fresh  exacerbation8  t>f 
iritis.  Furster  a.sderts  that,  even  where  there  has  \teen  no  new  infe<nion. 
there  may  be  a  fresh  attack  of  iritis  whenever  from  any  cause  there  i» 
a  recorrcnce  of  a  thin  gleely  diflcharge  from  tho  urethra. 

Tubereuioita  iritlv.  This  form  of  tlie  diaense  la  a  i-are  affection  in  this 
country.  Ordinarily,  it  is  developed  in  scrofulous  children  or  in  adol«§- 
eenta  with  enlarged  lymphatic  glands.  Sometimes  it  is  seen  in  those  sub- 
jects who  havf  a  development  of  tubercle  in  the  lung.  At  times,  however, 
it  occurs  iu  persons  who  are  apparently  free  from  any  other  loe-alin- 
tionn  of  the  disease.  Hrutb  has  given  a  good  description  of  the  disease 
aa  it  hfl.t  been  obstTvod  in  Zurich.  He  says  that  it  b^ina  as  ordi- 
nary irititf,  with  dread  of  light,  pain,  ciliary  injection,  and  posterior 
synechiic.  Later,  small  gray  n»lti1es  develop  and  enlarge.  At  times. 
these  may  disappear,  as  the  inflammntion  subsides.  In  other  cases, 
plastic  irido-cjrclitis,  with  shrinking  of  the  eyeball,  may  ensue.  Where 
the  tuberculous  nodules  nre  large,  they  are  yellow  id  color.    Frequently 
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tbere  is  a  red  vascular  bonier,  ciiusiag  theui  to  resemble  gummata. 
Where  tbey  continue  to  grow,  tlie  cornea  gives  way  and  the  eyeball 
shrinks:  no  general  eympioma  of  tubercular  diseftse  appear,  and  the 
patioDt  ap|»arently  gets  well.  In  this  rcspccc.  tuberculosis  of  the  iris, 
vhich  is  often  primary,  presents  a  strong  contnist  to  tuberculosis  of 
tlie  chorioid,  where  almost  iiivariablv  there  is  au  acconip:uiliiient  of 
general  tuberculosis. 

If  the  eye  be  protected  from  irritants,  and  the  patient  is  prevented  from 
unng  the  other  eye  for  nenr-work,  many  mild  cases  of  iritis  will  get  well 
with  local  treatment  by  atropine.  As  there  Is  a  How  of  blood  to  the  ciliary 
region  of  each  organ,  and  a  contraction  of  the  ciliary  muscles,  irides, 
ana  internal  recti  in  reading  or  other  nonr-work,  when  but  one  eye  is 
used,  the  non-use  of  the  uninflamed  eye  should  be  insisted  upon  even 
tfaougb  the  inflamed  eye  be  banduged.  Both  eyes  should  b«  pro- 
lected  from  strong  light,  either  by  smoked  ghisses  and  a  shiide  when  the 
patient  is  compelled  to  go  out,  or  by  moderation  of  the  surrounding  light 
by  blinds  and  screens  when  he  is  in  tlie  house.  In  nil  forms  of  the  dis- 
ease, the  eyes  are  so  sensitive  to  the  action  of  strong  wind,  changes  of 
temperature,  and  other  irritants,  that,  although  auch  pati«nts  cuu  be 
treated  satisfactorily  at  our  offices  or  in  dispensary  service,  yet  they 
would  recover  more  promptly  if  they  could  be  cared  for  in  honpitals  or  at 
Ibeir  homes.  In  many  severe  cases,  it  is  necessary  to  put  the  patients 
to  bed  and  to  employ  sudorifics.  Where  synechiie  have  fonne*!,  atropine 
should  be  used  energetically  until  full  dilatation  of  the  pupil  is  obtaineiL 
In  outdoor  practice,  it  is  always  best  to  detain  the  patient  at  hi.s  first 
visit  until  this  result  is  gotten.  Where,  owing  to  synechite  or  inflam- 
matory conditions  which  resist  mydriatics,  it  seems  impoesiblo  to  obtain 
dilatation,  hlood  should  be  taken  from  the  tMiiple,  either  by  a  Heurto- 
loup  apparatus  or  by  natural  leecheifi.  The  effect  of  the  mydriatic  is 
tbns  greatly  increased  by  the  local  bloodletting.  The  simultaneous 
instillation  of  cocaine  is  also  of  yalue. 

To  avoid  obstruction  of  the  pupil  by  lymph,  and  to  guard  against  its 
deleterious  influence  on  the  nutrition  of  the  lens,  as  well  us  to  prevent 
relapSM,  it  is  important  that  nil  adhesions  to  the  anterior  capsule  should 
be  broken.  Whore  this  cannot  bo  done  by  the  means  jtist  detailed,  it  is 
well,  whether  the  case  be  syphilitic  or  not,  to  bring  the  patient  sufficiently 
under  the  influence  of  mercury  to  cuuae  slight  spongiiiess  of  the  gutns, 
Nothing  in  clinical  surgery  can  be  more  instruclive,  than  to  see  aillie- 
•ions  which  have  hitherto  resisted  all  efforts,  begin  tn  give  way  as  soon 
as  the  signs  of  mercurial  action  become  evident.  When  full  dilatation 
is  obtained,  the  atropine  must  be  applied  sufficiently  often  to  keep  the 
pupil  dilated  until  intlnmmatiuii  and  ciliary  injection  itubside.  If 
full  dilatation  bo  obtained,  the  vnwvi  may  bt>  genenilly  t^onsidored 
to  be  over.  Where  there  is  considerable  effusion  of  lymph,  and  where 
there  is  pus  in  the  anterior  chamber,  hot  compresses  (from  IOC  to 
l'20°F.)are  often  beneficial  in  hastening  absorption  These  should  he 
applied  by  wads  of  absorbent  cotton,  applied  at  half-minute  intervals, 
for  from  fifteen  to  twenty  minutes  at  u  time,  every  three  or  four  hours. 

If  the  pain  be  excrucioting,  it  can  generally  be  much  relieved  by  the 
use  of  atropine  and  local  leeching.     When,  in  spite  of  this,  it  continues 
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to  be' severe  ami  keeps  tlie  |Mtticnt  awake,  iiijt'ctionB  of  morpIuDe  into 
the  temple  may  be  useful.  Dover's  powder  internally-  or  suppositories 
of  the  aqueous  extract  of  opium,  may  also  sflTonl  relief.  In  cases  of 
high  inflammatorj'  reaction  with  intense  pain,  hyilrohromate  of  hyoncine 
may  prove  valuable.  It  sometimes  relieves  pain,  when  instilled  into 
the  conjunctival  sac,  where  atropine  htia  failed.  The  wilution  employed 
ahoulrl  be  frtur  grains  to  the  fluiilouncc.  In  doses  of  one-hundredth  of 
a  grain,  either  by  the  mouth  or  by  subcutaneous  injection,  it  has  at 
times  proved  useful  in  allaying  pain.  If  the  patient  is  vigorous  and  well 
nonrifliied,  free  purgation  by  the  employment  of  magnesui,  or  of  saline 
cathartics,  may  be  advantageous.  When,  in  consequence  of  neglect  or 
repeated  attacks  of  inSammation,  iBe  pupil  is  so  firmly  bound  down  that 
it  entirely  fails  to  respond  to  the  measures  previously  detailed,  it  often 
becflmc»  noccssary  to  desist  from  the  use  of  any  mydriatic.  In  fact,  all 
such  applications  apparently  make  the  eye  worse.  In  such  cases,  we 
are  forced  to  content  ourselves  with  hot  compresses  and  proper  internal 
medictttion. 

Where  there  is  increase  of  tension  with  the  severe  pain,  prompt 
relief  may  be  often  obuuned  by  paracentesis  of  the  cornea.  This  relief, 
however,  lasts  until  the  wound  has  closed  and  the  aqueous  has  reacen- 
mulated  sufficiently  to  reincrease  intra-ocular  pressure-  In  the  same 
way,  it  may  be  iidvantagcoua  to  give  egress  lo  an  hyjiopyon  by  an  incis- 
ion with  a  broad  needle.  Where  all  other  measures  fail  to  free  adhesions, 
iridectomy,  iu  ^pite  of  the  inflauimatiou,  has  been  advised.  In  such 
cases,  thu  iris  is  often  sfiongy  and  rotlon,  and  only  small  parts  of  it  can 
be  pulled  out  with  the  forceps,  leaving  the  plastic  lymph  and  uveal  pig- 
ment sticking  to  the  lens-capsule.  Moreover,  the  results  are  often  uosal- 
isfaclory  in  obtaining  any  remission  of  the  inflammation.  For  these 
reaeoDs,  the  author  looks  ujion  the  operation  as  a  lost  and  exceptional 
resort.  If  there  he  occlusion  of  the  pupil  after  all  inflammatory  symp- 
toms have  subsided.  Iridectomy  is  necessary  to  obtain  an  artificial  pupil 
for  optical  purpnu^es.  In  case  of  exclusion,  the  same  operation  is  advis- 
able to  prevent  increase  of  intra-ocular  tension  and  glancoma. 

While  the  general  outline  of  treatment  in  syphilitic  iritii}  should  be 
that  above  indicated,  it  is  advantageous  to  use  meroury  more  freely, 
and  to  continue  its  administration  longer.  In  the  majority  of  cases, 
inunction  is  the  most  valuable  method  of  administering  the  drug.  One 
drachm  of  mercurial  ointment  should  be  gently  and  thoroughly  rubbed 
into  the  skin  of  the  abdomen,  night  and  morning.  In  the  interval,  a 
binder,  to  hasten  abfwrption  ano  to  prevent  aijifmg  of  the  clothing, 
should  he  applied  over  the  part.  If  the  skin  of  the  abdomen  liccomes 
irritatefl.  the  groins  and  the  inside  of  the  thighs,  or  the  anns  and  the 
BxiHie,  should  be  selected  for  the  application.  Oleate  of  mercury  Is 
more  cleanly,  but  is  much  more  apt  to  produce  local  irritation.  Often, 
it  is  snfficient  to  repeat  the  inunction  but  once  in  twenty-four  hours. 
Where,  for  any  reason,  inunction  cannot  be  efficiently  curried  out,  the 
internal  administration  of  calomel,  in  doses  of  from  one-twelfth  to  one- 
half  grain,  as  often  as  may  be  found  suitable  in  each  individual  case,  is 
indicated.  Protiodide  of  mercury,  in  equivulenl  doses,  is  also  an  efficient 
preparation.     When  the  urgent  symptoms  have  censed,  bichloride  of 
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mercury,  io  dotMs  of  from  oae-forty -eighth  to  one-aixteentli  grain,  tbree 
limes  daily,  either  alone  or  in  cumliinution  nhh  iwluie  of  potafslum,  ia 

I  useful.  To  prevent  relapse,  the  dnig  should  be  continued  for  a  con- 
eiderable  time  after  the  eye  has  become  quiet.  When  gummata  are 
dercloped,  and  their  growth  is  so  rapid  as  to  threaten  aeatruction  of 
the  cTe.  iodide  of  potassium  in  large  doses,  frequently  repeated,  is 
probaDlT  the  most  effective  remedy.  P?ynie  patients  will  hear  from  two 
Dundred  to  two  hundred  and  fifty  grains  daily,  without  the  production 
*f  any  marked  iodism.  Id  patients  who  have  become  debilitatcl  and 
tachcctic  firom  long-standing  syphilitic  diseuse,  the  energetic  use  of  llie 
oarcuriats  and  of  the  iodides  is  often  not  well  borne.  Here,  we  are 
oblij^l  to  administer  iliein  in  smiill  doees,  and  at  the  same  time  try  to 
improve  the  nutrition  by  digestible  food  and  tonics. 

The  gonorrhoiic  variety  does  best  when  treated  by  ioilide  of  potassiniD 
andhj  considerable  do;3es  of  quinine,  with  or  without  morphine.     This 
tmtment,  oonjoiued  with  the  use  of  hut  sulphur- baths,  is  both  agree- 
able and  effective  in  eradicating  any  accompanying  rheumatic  joint- 
affections. 

The  tuberculous  form  of  the  disease  should  be  treated  with  cod-ti%'er 
oiJj  iron,  the  hypophosphites,  and  good  diet. 

Fig.  331. 


Sn-tbai  €.(■■>•:  ip!  itl-.    .r  -  n-  im.^  Iiumti.. 


C</s/<  of  the  iris  are  almost  invariably  developed  after  woanda  which 
have  carried  •  ctlitim.  with  its  hair-balb  or  epidermis-cells,  into  the 
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tissue  of  tho  iris.  They  sometimes  dcvelup  rapidly  before  the  irritAtion 
of  the  wound  has  entirely  auhsided.  Usunlly,  however,  after  the  eye 
has  hecoine  quiet,  there  is  n  grayish  projection  on  the  anterior  surfiice 
of  the  irim.  T\m  grows  with  aq  little  irritation  that  patients  w^raeiiraes 
fleek  relief  only  when  it  is  large  enough  to  intei-fere  with  the  pupil. 
Lce.9  frequeotly,  they  ask  for  advice  hecauso  they  are  alarmed  at  ita 
appcftranco  and  its  increaso  in  size. 

Fig.  222  shows  a  section  of  an  interstitial  cyst  of  the  iria. 

If  left  alone,  they  generally  keep  enlarging,  and  may  give  rise  to  vio- 
lent irido-cyclitis,  which  in  turn  may  produce  sytnpnthetlc  ophthalmia.* 
It  38  best,  therefore,  to  remove  them.  This  i!«  done  by  making  an 
incision  in  the  cornea  with  a  Graefe  knife,  or  with  a  triangular  iridec- 
tomy-knife,  adjacent  to  the  cyst.  Then  seizing  the  unbroken  cyst  and 
dragging  it  out  of  the  wound  with  nn  iris-forceps,  its  wall,  with  the 
adhering  iris,  may  be  excised  with  a  fine  scissors.  In  this  way,  the  cyst 
may  yflen  be  renioveil  entire. 

('iiififly  allied  to  cysts,  are  the  epidermoid  or  pearlff  tumors^  which 
form  in  the  iris-substance.  They  consist  of  cloaely-packed  epidermoid 
cells,  which  have  sometimes  so  far  undergone  degenemtion  that  the 
interior  of  the  tumor  is  sliray  and  semi-fluid.  These  growths  should  he 
treated  in  tlie  same  way  as  cysts. 

dontjenital  mgvu^nt-ifjiotH  and  rrielanomiita.  The  former  are  frofinent 
on  the  iris  ami  are  of  no  significance.  They  usmilly  remain  unchanged 
during  lifv.  Larger,  dark,  congenital  tumoiis  of  the  iris  are  classed  by 
Graele  and  by  Knapp,  as  simple  benignant  hyptrplatia  of  the  ini* 
tiitue. 

>^artvmat/t  and  melanotic  earcinomata  rarely  occur  primarily  in  the 
iris.  They  have  been  treated  bv  iridectomy  and  excision.  Kipp  reports 
tho  Bucci-sefiil  removal  of  one  tfiat  attained  the  size  of  7  X  5  X  4  miUi- 
roeters.  When  the  patient  was  seen,  one  year  later,  there  had  been  no 
return  of  the  disease.  Arlt' refers  to  two  cases,  and  Knapp'  cites 
three.  All  were  successfully  removed  without  enuoleation.  We  cannot, 
however,  always  be  sure  of  thus  removing  the  entire  tumor.  Enuclea- 
tion is,  therefore,  usually  safer,  and  hence  is  more  desirable. 

Granuloma  of  (hi-  iri»  is  now  considered  to  be  a  form  of  tuberculosis. 

Iridodonttit  is  that  condition  in  which  there  is  a  wabbling  of  the  iris 
with  the  various  motions  of  the  eye.  It  takes  place  either  when  tlie 
vitreous  is  fluid,  or  when  the  lens  is  displaced  or  its  snspensory  ligament 
looseneil.  . 

Iridodialysis  is  a  separation  of  a  part  or  all  of  the  periphery  of  the 
iris  from  its  ciliary  attachiut:nt.  This  is  usttslly  the  result  of  a  violent 
injury.  AVlitn  partial,  it  niakfii  a  i^econd  pupil,  and  also  changes  the 
shape  of  the  central  one — the  pupilhiry  margin  opposite  the  detachment 
being  pulled  simighter,  and  the  pupillary  area  being  diminished  on  the 
afl'ected  side.  This  is  f^een  in  Fig.  223.  In  this  instance,  the  injun-, 
as  explained  and  shown  on  pages  1S4  and  185,  has  produoeil  trau- 
matic cntarnct.     Arlt  records  a  case  in  which,  aAer  almost  complete 


I 


I 


I 

I 
I 

I 


1  Bidke :  Bcgr  Loiul  Opjittiat.  Iloap.  n«p.,  roL  I.,  tL,  if.  \%. 

*  undb  and  SaemiKfa,  OA.  ill.  5.  Aia. 

*  Arolii*a  at  Ophtbnlmologr,  vol.  tIIL  p.  81 


1>13EAS£8  OP    THK    IBIS    JlVV   CILIART   BODY. 


863 


irktodtaKsis,  the  slirunken  iris  was  visible  us  n  grajish  mass  at  tho 
bottom  of  tbe  untcrior  chamber.  Tlio  patient  could  still  count  Gngere 
and  ■van  Me  to  distingui.'^h  €0101*3.  The  entire  irin  has  .sometimes  been 
torn  out  in  cataract- gperatioii,  tbe  patient  neverthelesti  I'ecovering  with 
jl  vision. 


Tn.m. 


I 


A&mitm.  This  want  of  pigment  in  t)ie  iris  in  a  most  atrikinff 
vEtomslj.  Here  the  iris-lig.sue  is  so  thin  that  re<l  light  is  reilecteil 
ihrougli  it  from  tlie  fundus,  giving  the  eyes  a  pitifc  nppenraiit'e.  Owing 
to  the  de6ciencv  of  pi;;n)cnt  in  the  iris  and  cliorioid,  strong  light  is  very 
Bonojring  to  such  Buhjecis.  who  avoid  it  to  .some  extent  hy  partial  closure 
of  the  lids.  Marked  nyatagnms  if  usually  associated  with  the  defect. 
Li  some  cases,  the  iris  in  so  tninsparent  that  the  ciliary  processes  and 
tlie  edge  of  the  Icna  can  be  seen  through  it. 

Irideremia  or  aniridia  ia  a  total  absence  of  the  iris.  This  is  frefiuently 
aooompsnied  by  opacity  of  the  lens.  Although  the  cataract  in  8uch 
cases  may  be  successfully  removed,  yet  vision  is  npt  lo  be  subnormal,  119 
the  other  parts  oi  the  eye  are  often  imperfect.  Such  patients  suffer 
from  over-atimulation  o(  light  and  fogging  from  diffusion  to  a  higher 
degree  than  albinos.  In  partial  irideromia,  the  iris  is  aeiierully  im- 
perfectly  developed  in  its  upper  segment,  and  is  wanting  below.  This 
should  not  be  mistaken  for  the  condition  in  which  sometimes,  in  conse- 
quence of  a  blow,  tbe  vitreous  comes  forward  and  the  Jris  is  turned  back 
aud  hidden  from  view. 

P'jltfcoriu  is  a  slate  of  tbe  iris  in  which  there  are  two  or  more  pupils. 

Coreetopia  is  the  term  given  Co  a  pujiil  wliicb  is  congcnitally  mis- 
pi  iced. 

Coloboma  of  the  iria  is  an  arre-st  in  tlie  development  of  the  iris  which 
leaves  the  pupil  more  or  ]e.s3  pyriform,  the  small  end  of  the  opening,  as 
a  rule,  being  directed  downward  and  inward,  or  downward.  It  is  gen- 
erally binocular.  If  so.  the  coloboinnia,  as  a  rule,  arc  in  coiTc^ponding 
directions. 

Fig.  224  gives  a  goo*l  representation  of  a  case  of  this  anomaly. 
Colotwma  of  the  chonoid,  and  at  times  a  slight  notch  in  the  equator  of 


_.^  Mtmbranea  and  tayt  consist  of  elastic  bi 

MToss  the  pupil  Trom  one  m[e  to  the  utlier. 

IbbUv  numerous  to  form  a  network.     They 

fm^Uary  RiBrgiii  or  to  tEie  sphincter  muscle  ol 


n.;.  iM. 


^^■MU*>  RciiiiiAtiiii  c<]  iJiiinlinrf  nHmibtmaii; 

[oT  the  pu[iil,  ami  are  inserted  just  beyond  t 
rsfhincter.     Owing  tn  their  elasticity  and  poe 
nallr  interfere  wiiti  the  movements  of  the  ]iupii 
BC  of  rcninanls  of  the  pupillary  mcmbmne  whic 
MB  tbe  pupil.     Fig.  226  exhibits  the  same  pup 
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riftw  of  the  ciliary  body,  in  any  of  its  forms,  ia- 
VWa  it  is  extensive  and  severe,  it  leails  to  impairs    -  ' 
r«dl«  \o^  o''  eyoE^igHt.     Be.qi(leA,  it  frequently  be 
^^^r-VMBi  of  sympatbetic  intJiiinuuuion.     As  the  iris  ant 
^Tm  iBWOlt^y  connected  aniimminilly,  recciTing  a  com 
'        tsewrt  inflammation  of  cither  organ  ia  apt  to  involv 
m  afaiost  invariably  the  ciiee  when  the  inflammattoi 
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sion  increased.  In  such  cases,  Uie  oplitli»1iii(Moope  .hIiows  immerouB 
flocculont  vitreous  opacities  lying  close  behind  the  lens.  Later,  there 
is  descemetitis,  which  is  most  marked  at  the  lower  part  of  the  cornea. 
In  sucli  cnses,  owing  to  the  irregular  shedding  of  the  outer  layer  of 
the  celU  of  the  anterior  epithelium,  the  nutrition  of  the  cornea  he- 
comes  deraDgcd  und  ila  atitcrior  aurfuce  is  noedte-stuck.  (^^rdinariiy, 
the  symptoma  develop  slowly.  At  any  time,  however,  there  may 
be  an  outbreak  of  plastic  cycUtis  with  an  increase  of  violent  inflam- 
mation. 

Parenchymatout:  cifcUtit,  ns  its  name  implies,  is,  ptrhap-i,  best  exem- 
plified in  caaes  where  there  is  a  formation  of  syphilitic  gummata  in  the 
cilinry  body,  (.lummou^  musses  in  this  position  arc.  foitunntely,  much 
le^s  fret^uent  tliun  iu  tiio  iris.  Here  they  produce  a  riolent  plastic  and 
suppurative  infiammalioii  witli  iiuensa  pain,  which  usually  results  in  the 
loss  of  the  eye.    Fig.  22T  shows  the  external  appearance  of  an  eye  inwhicb 

there  is  a  tiigh  grade  of  purcnchy* 
'*'■  *''•  maiourt  cyclitis  due  to  a  gumma  on 

the  ciliary  body.  Here  there  i» 
■narked  cornea!  haze  with  a  con- 
siderable hypopyon.  The  gt^wth 
forms  a  rounded  prominence  which 
projects  at  the  upper  inner  periph- 
ery of  the  cornea. 

Sympathetic  iriiio-eyvlUi»  is  an 
affection  in  which  the  tnllamina- 
j    ,  ^^       ~^^-        tory  changes  iu  the  iris  and  ciliary 

^■h  A^      ^^      body  of  one  eye  cause  a  aimilar 

'^^^  ,^\\iii^^ffl^^  outbreak  in  the  Other.    By  this,  it 

y      .^K^jH^^^I^^^.  distinguished  from  other  varie- 

ties of  irirlo-cyclitis.  It  is  also 
chwacteriied  by  its  great  tendency 
to  the  efl'usion  of  pTasiic  and  vaa- 
cularising  lymph  in  the  tissue  and 
over  the  surface  of  the  iris  and 
ciliary  processes.  A  circular  syn- 
echia,  with  bulging  of  the  periph- 
/?^Jy'(     /  I  eral  parta  of  the  iris  into  the  an- 

//   M  *^    9  terior  chamber,  sometimca  enauea. 

/  \J&   -.        /  Continuance  of  effusion,  howerer, 

/  -^  #       -""      '  converts  this  into  a  complete  poa- 

'  terior  synechia,  the  pupillary  part 

nent,  and  '\t»  margin  the  most 
retracted.  Owing  to  the  great  amount  of  exudation  and  its  subsequent 
contraction,  there  is  shrinking  and  degeneration  of  the  blooilvesaels  in 
the  ciliary  processes,  with  Ouiditv  and  decrease  of  the  vitreous  humor. 
This  is  oflcn  accon)|)anicd  Iiy  total  detachment  of  the  retina,  and  atrophy 
of  the  entire  anterior  part  of  the  eyeball.  In  some  cases,  in  spite  of 
the  partial  atrophy  of  the  anterior  portions  cf  the  globe,  there  may  be 
sufficient  ul>tiorptiun  of  the  pupillary  and  vitreous  exudation  to  permit 
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aoae  us«ful  viaion,  thus  enabling  the  putient  to  guide  hims«tf  in  moving 
about. 

All  cases  should  be  put  to  bed.  The  sbin  should  be  kept  at  an  even 
lempermture  ntid  its  action  should  be  stiniututed  by  sudoriBcs.  Active 
cathnrtics,  which  int^ure  watery  evscuntions,  tslioutd  be  administered.  The 
temples  nre  to  be  freely  leeched,  while  ntroinnc  is  to  be  instilled.  Pain  is 
to  he  controlled  by  hydrobromate  of  hyoscine.  or  the  watery  extract  of 
opirnn.  In  the  endeavor  to  diminish  the  amount  of  plasticity  of  the  exu- 
dation, mercurv  should  be  administered  energetically.  It  should  be  carried 
to  a  point  in  which  nlighi  touching  of  the  gums  in  to  he  noticed.  This  is 
to  be  followed  by  the  admiTiitttration  of  iodide  of  potassium.  In  serous 
cyclitls,  mydriatics  are  often  to  be  avoided.  In  sudi  cases,  e^erinc  should 
be  U3e<l  locally  ;  and,  at  times,  jaborandi  should  be  employed  internally. 
When  the  ciliary  region  has  lost  its  tenderness,  and  when  the  eye  baa 
become  (|uict  nnd  no  longer  fiuahes  when  seized  with  the  forceps,  an 
iridectomy  is  the  only  mean^  which  offers  some  hope  of  improving  eye- 
aigjit  and  of  pruveuting  the  steady  continuance  of  degenerative  pro- 
oassea.  Owing  to  the  dense  membrane  plaHtering  the  iris  to  the  capAule 
of  ihelens,  it  is  often  necessary  to  remove  the  lens  at  the  same  time.  The 
healing  of  the  wound  is  usually  rapid,  and  is  favored  by  the  diminished 
tension  of  the  eyeball  and  by  the  tendency  to  plastic  exudation.  The 
gap  made  in  the  iris,  however,  always  contracts  considerably,  and  loo 
often  cloaee  completely.  When  the  field  of  vision  is  contracted,  we  are 
Dt  times  forced  to  try  an  iridectomy  before  the  eye  has  become  entirely 
f^uiet,  in  the  endeavor  to  save  it  from  total  destruutiun.  Here  the 
results  are  usually  far  from  satisfactory. 
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As  hns  been  explained,  if  a  tens  retains  the  eamo  curvature  aud  the 
fiauio  index  of  refiikctioTi,  h  can  have  but  one  )>rincipal  focus.  8I1011M 
our  eyes  possess  auch  a  Ions  aloniO,  various  eyes  might  be  adapted  for 
diRereut  (litjlunces,  tut  tills  adaptation  would  depend  on  the  reladoD 
between  the  pa><itian  of  their  principal  focus  and  their  retinal  rods  and 
cones:  that  is,  they  would  be  adapted  for  certain  set  and  fixed  distances. 
Thus,  according  as  the  ])rincip)il  focus  fell  either  on  the  rods  and  cones, 
as  in  emmetropia,  in  front  of  them  as  in  myopia,  or  behind  them  as  in 
hypermetropic,  the  eye  would  be  adjusted  for  tioine  single  point  in 
space.  Experience  shows  that,  although  Ihitse  three  fiirms  of  eye 
actually  occur,  they  all  have  a  power  of  changing  their  focus.  From 
infancy  we  are  so  habituated  to  ouch  ehcinges  of  focus,  and  tbey  take 
place  m  easily  and  so  promptly,  tiiat  we  are  generally  unconsctoos  of 
them. 

How  is  this  change  of  focus  accomplished?  As  explained  in  the 
chapter  on  Physiology,  observation  of  the  images  formed  upon  the 
anterior  aud  the  posterior  capsules  of  the  lens,  has  taught  us  uiat  this 
organ  changes  tt<i  curvature.  This  change  of  form  of  the  lens-substance, 
which  has  been  carefully  studied  by  Cramer,  Ponders,  and  Llelmhollx, 
by  the  use  of  tlie  opiithahnonieter  (as  explaiiiei+  on  page  91),  is  ap- 
parently due  to  its  innate  elasticity  and  the  action  of  the  ciliary  muscle. 
In  practice,  as  shown  on  page  164.  we  usually  determine  the  far-poinL 
atid  find  whether  the  eye  is  focussed  for  parallel  rays  of  light,  or  for 
converging  or  diverging  rays,  by  means  of  Snellen's  test-type  placed 
at  six  meters'  distance.  In  the  foruier  ciise,  it  Is  adapted  for  infinite 
distance;  wiiilst  in  the  other  instants,  the  approprinto  convex  or  con- 
cave glass  which  gives  good  distant  vision  gives  the  far-point.  In 
myopia,  this  can  also  be  readily  determined  by  the  farthest  distance  at 
which  print  of  definite  size  can  be  read.  To  determine  the  near-pointy 
it  is  most  convenient,  as  shown  on  page  16C,  to  take  some  print  of 
about  the  size  of  No.  1,  m  furnished  Jn  Jaeger's  test-types  (the 
'•brilliant"  of  printers),  amU  after  jilacing  this  almost  in  contact  wiih 
the  nos<;  of  the  person  tested,  gradually  remove  it  until  it  can  he  read, 
and  until  ibs  outlines  appear  sharp  and  distinct.  The  refmctive  power 
of  the  lens  which  the  eye  has  been  able  to  odd  to  its  refractive  nppa- 
ratBS,  is  then  found.     The  result  is  usually  suited,  as  previously  shown, 

in  the  formula  t  =  "i,  —  «. 

A  "         K 

The  lens   of  the  newborn  child,   which    is   colorless,    transparent, 
and   soft,  rapidly    becomes   more   dense  (especially   the   nucleus   and 
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Ae  pffta  hnmediatclj  surrounding  it)  in  joiitli,  until,  after  twenty  years 

or  age,  it  aciiuirev  a  faint  ittraw-yellow  color,  vrhich  dHrketiS  as  age 

increues.     This  continues,  even  though  the  tens  is  transparent,  until  it 

hiM  become  almost  of  a.n  amher  color ;  the  nucleus  incrcAsing  at  the  ex> 

fWDw  of  the  cortioftl  substance.     The  result  of  this  is  a  tliminuiion  in 

tie  elasticity,  §o  that,  eren  in  early  youth,  ihe  lens  is  Imb  capable  o( 

swdlling  itn<l  changing  its  curvature  ihun  it  wad  in  infancy.     The  range 

of  acoouiniixlution  is  iheri'fure  dimiiiiBlietl  lon>;  before  the  body  in  gen- 

fni  kns  attained  its  maximum  of  growth  and  rigor.     Fig.  22d  ahovrs 

liie  actual  fall  of  the  accommodative  power  with  age  and  the  range 
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aocommodadoQ   for  each  period  of  life.     The  Ggures  on  the  lefl 
ive  the  respective  distances   for   which   the  eye   can   be   accommo- 
lat«d ;  those  below  infinity  being  so  marked  as  to  express  the  distance 
at  vhicli  the  convergent  rays,  fur  which  the  eye  is  adapted  in  old  age, 
ivonld  come  to  a  focus  behind  its  nodal  point.     The  black  curred  lino 
indicates  the  actual  poaition  of  the  neur-point  »t  each  time  of  life,  as 
speeilied  in  numbcre  at  the  lop  of  tlio  table.     The  verti<'al  lines  Joining 
the  ne&r  and  the  fur  points,  give  the  entire  range  of  accommotlation. 
On  the  right-hund  side  are  the  equivalents  in  diopters.     Thiiit,  at  ti^n 
^  years,  an  emmctrope  can  see  sharply  an  object  which  is  removed  hut 
'two  and  two-thirds  inches  from  the  nodal  point  of  his  eye.     At  fifteen, 
his  near-point  has  rccedcil  to  three  and  one-eighth  inches,  and  at 
twenty  it  ba»  fallen  to  three  and  throe-fourths  inches,  showing  a  con- 
siderable loM  during  adolescence.      At  thirty,  the  eye  has  lost  about 
one-half  of  ita  aooomtnodalive  power. 

Fig  22t)  shows  the  range  of  accommodation  in  emmetropia,  hyper- 
metropia,  and  myopia,     'rho  thick,  black,  horizontal  lines  reprecient 
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the  range  of  Accommodation.  The  figures  at  the  top  of  the  rertio^ 
Hnec  show  tEiis  i-Hiige  in  indies,  and  tliose  at  the  bottom  express  it  in 
(lioptom.  For  inntnnce,  an  amount  of  accommo<lation  e^iitu  to  niu 
diopters  gives  a  range  of  distant  vUioa  froin  infinity  to  four  incl>«  ftta 
its  nodal  point  to  a  young  emmetropic  eye,  while  the  same  pow«frf 
accommodutioD  in  a  hypenuutropic  eye  of  one  and  s  haJf  dioptm 
would  fiivc  a  range  from  iiiHnity  tn  hut  four  and  four-fifihn  inches,  i 
hypermetropic  eye  of  three  diopters  would  give  a  range  from  inficitF 
to  kIx  iuclie^,  and  a  Iiypermetropic  eye  of  six  diopters  woald  gim 
range  from  inanity  to  twelve  inches.  On  the  otber  hand,  a  ntTApc 
eye  of  one  diopter  would  see  fi-om  thirty-8i:i  inches  to  three  xod  ttm- 
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rourths  inches,  while  one  of  three  diopters  would  Imvc  a  near-point  »t 
thrue  and  nne-fniirth  inches,  and  a  ran^e  of  accommodation  only  ErDn> 
thia  point  to  twelve  inches. 

As  a  rule,  bs  haa  hecn  before  Hhowii,  there  ia  a  simaltaneous  uJ 
correspond inij  innervation  of  the  ciHary  muscle  anri  the  internal  iixi 
external  rtctl  niuRch'd,  so  that  the  more  the  eye-axes  are  conver)ce4,  tbr 
more  rigorouKly  can  theeyoBaccommodnte.  A  proof,  however,  uiattU 
rule  i:B  not  Inllexitle,  can  readily  be  obtained  by  holdina  altemsttlf 
weak  concave  and  convex  glasses  before  the  eyea.  If  whitsi  dolngtl* 
aome  point  for  which  the  eyes  are  converged  can  continue  to  beMCB 
shar|dy,  the  nccommodfttion  has  been  altered  without  changing  «•>• 
verg(-nce.  If.  on  the  other  hand,  weak  prisms,  with  their  bases  outairl 
or  inward,  be  alternately  held  before  the  cyea,  convergence  Ctfl  ^ 
altered  without  changing  iiccommodation. 

The  power  to  alter  the  accommodation  without  changing  the  pnni 
of  convergence,  is  termed  the  power  of  relative  accommodation.  Rg- 
280  shows  its  extent  in  inches  for  different  degrees  of  conrergenoe  in 
a  healthy  emmetropic  eye  of  fifteen  years  of  age. 

The  diagonal  line,.K  k',  cuts  the  horizontal  Tines  on  which  the  iii»- 
Innces  of  accommodation  are  giron  iti  Paris  inches.     At  the  foot  of  tw 
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tal  liues.  tlie  corresponding  angles  of  convergencti,  tueaaur«d  from 
le-lioe  of  sixty  millimeters  (tlic  liimsiice  between  the  pupils  of  tbe 
Wual  who  was  tested ),  are  ghnwn.  At  tlie  top  of  tlic  verlieal  liiics, 
tgoree  dMignatc  the  amount  of  convergence  as  expressed  in  lueter- 
JB.  FVotii  tnis  diiL^ram,  it  can  be  seen  tliat,  wi  Lli  pnrallel  eye-axes,  nn 
etropic  eye  at  tbis  time  of  life,  can  accommodate  np  to  twelve 
K.  Furiner.  it  will  be  noticed  that  when  convergence  for  twelve 
Hismade,  the  accommodative  power  is  increjwed,  so  as  to  bring  the 
•point  in  to  Gre  inchea.     If  convergence  be  made  for  six  inches,  tlie 
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point  is  brought  in  to  four  and  one-fonrth  inclies.  At  the  point 
i  the  line  p  /»'  cuts  the  diagonal  of  convergence,  /»*  is  situated, 
represents  the  point  of  strongest  binocular  accommodation.  If  the 
rrgence  is  «till  further  increased,  accouiinodation  becomes  mon- 
r.  until  at  about  three  inclies^  where  the  maximum  of  convergence 
Bly  degrees)  is  reached,  the  near-point  hua  come  a  trifle  closer 
X  ftnd  there  is  no  longer  any  variation  of  either  accommodation 

convergence  :  the  lines  p  ;/  and  r  r'  come  together, 
dinarily,  the  eye  is  accommodated  for  the  point  toward  which  the 
i  axes  converge,  but  the  figure  shows  thiit  the  eye  there  given, 

still  converging  for  twelve  inches,  can  strain  its  accom  mount  ion 
tensely,  so  aa  to  bring  its  neur-puint  tu  live  Inches.  Moreover,  it 
I  that  it  can  relax  ila  accommodation  to  seventy-two  inches,  thus 
g  a  total  range  of  relative  accommodation  of  1/4.6.  Further,  it 
e  seen,  ihat  aB  the  convergence  increases,  the  near-point  approaches 

re,  and  the  power  to  accommodate  more  strongly  with  uuallereii 
axes  steadily  diminishes.     On  the  other  hand,  the  range  over 
i  accommodation  can  be  relaxed,  incrcnses  with  the  convergence. 


^^^H             As  explnined  on  page  160,  Nngel  hait  assamed  the  meter-an^^^^^l 
^^^H        convenient  standard  tor  the  measurement  of  convergence.              ^^^V 
^^^H             Fig.  2-^1  showsa  modified  taljle  of  relative  accommwlation,  simitar  to   1 
^^^H         that  given  bv  Donders.     The  figures  on  the  lefb-hand  side  denote  the 
^^^H        acconimodation  in  diopters.     Those  at  the  bottom  give  the  convergeace 
^^^H        in  metr-r-anglea.    That  portion  of  the  accommodation  irhi^'h  lies  betveca 
^^^H         thefar-pointaiid  the  point  of  con  vt;rgence  iti  termed  the  negative  ac<:omm6-   _ 
^^^H         dation,  because  it  has  iilready  been  emplojretl  to  obtain  distinct  viaion  Bt  ■ 
^^^H        this  distance.     That  part  which  lies  between  the  near-point  and  thehn«  ■ 
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ce  is  termed  the  pontive  part  of  the  range  of  1 
it  is  still  at  dispoaal.     Loring'  haa  added  m 
r  this  wibjecl.  having  proved  that  if  a  .Snellen 
Qamo  be  placed  at  six  meters'  distance,  and  w< 
d  in  front  of  the  two  eyes  of  a  young  emmetro 
•an  still  be  sharply  seen  and  without  doubhng. 
itanccA,  a  colored  glii«s  be  slipped  before  one  e 
moves  inward,  causing  a  convergent  si^uint  wi 
mages  of  both  the  candle-flnme  and  letters.    He 
he  distance  apart  of  ihe  double  images  is  in  pi 
if  the  concavt'  glnw*  thjii  i»  overcome  by  the  acco 
wn  case  was  cquiil  to  twenty-three  inches  with  a 
with  a  — 1.75  D.,  and  three  inches  with  a  — 
a  used,  the  images  overlapped.     He  has  thus  ; 
rce  of  accommodative  impulse  w)ut  to  the  cili 
rresponding  amount  of  convergent  impulse  se 

1  Tnui*.  Amw.  (fphtb.  ^oo-,  )*M.  |>p.  10-46. 
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Umou  certain  point,  bowevcr,  wlien  both  eyps arc  pquftllysliarp-Beang, 

lilt  laidnnuy  can  be  rei^istcd  by  a  correapon  Jing  ttmount  of  iuner^'alion 

of  the  pxtcrni,  which  is  caiiaeJ  by  a  desire  for  binocular  vision.     In 

ei[>erimentin(5  on  the  range  of  th«  relative  accommorifttion,  Lorlng  also 

foinni.  that  if  he  fixed  h   point  at  wj;;ht<"en  inches,  he  could  relax  hia 

•ecoaimoilation  hy  a  convex  l.TS  D.  and  still  see  the  object  sharply. 

He  also  showed  that  he  could  »pnn  his  accommodation  more  tensely 

br  looking  through  a  concave  ti.Sfl  I),  without  bltirring  of  the  object, 

rao8  giving,  with  hrs  ability  of  relaxation,  a  totiil  power  for  lUc  relative 

swommodation.  of  4.2.'i  D,  with  a  eonverj^ence  for  eighteen  inches. 

further,  should  he,  whilst  6xing  the  same  point,  hold  prisms  of  Ti'^ 

int«es  outwnrd  before  his  eyes,  be  could  only  relax  Ins  accommodu- 

>ioi)  by  a  glass  of  convex  1.60  D.,  and  could  span  it  more  tensely 

^y   the  use  of  a  glas*  of  concave  3,  D.,  thus  showing  thai-  the  total 

snapunt  of  the  accommodation  was  now  equul  to  -I.->tt  D.     In  this  latter 

f -X pL'riment,    he  obtained  on  Increase  in   the  rnnge.  and  bronchi   the 

rei^ioo  in  which   it  was  exerted  nearer  to  the  eye,  proving  that  the 

pvigms  with  the  baite  out.  cau.4ed  an  additional  converging  strain  on 

tte  intemi,  by  which  a  corresponding  increased  tension  was  trans- 

'■fitted  to  the  ciliary  muscle. 

Just  as  we  are  but  slightly  conscious  of  the  action  of  any  of  our 
Voluntary  muscles  in  a  state  of  health,  the  subjective  sensations  called 
forth  by  the  act  of  accommodation  are,   under  such    circumstances, 
slight.     Purkinjc,  however,  has  called  attention  to  phospbeneA  and  tran- 
^ent  flashes  of  light  seen  in  the  peri|>hery  of  the  field  of  vision  wh«n, 
■fter  accommodative  efforts  have  been  mado  in  the  dark,  accommodative 
tension   ia  suddenly  relaxed.      These    cnnnol  be  culled  forth  hy  all 
oteervers.     h'agel  describes  similar  ajipfaninces  in  his  own  eyes  ut  the 
beginning  of  every  effort  at  accommoimtion.     Almost  all  observers  are 
cooecious  of  a  cloud  at  or  near  the  fixation -point,  produced  by  strong 
ad  continued  accommodative  elTort.     When,  during  such  experiments, 
Porkiiije  made  slight  pressure  on  the  eye,  be  could  observe  the  circula- 
tion on  each  side  of  the   central   cloud,  while  Nagel.  under  similar 
conditions,  was  cnnseioas  of  a  momonmvy  clearing  of  certain  portions 
of  tbe  cloud,  bo  that  the  lighter  areas  formed  a  sort  of  network — this 
phenomenon  coinciding  with  the  piilsu-beat. 

The  rapid  relaxation  of  the  accommodation  and  the  ability  to  see 
distinctly  distant  objects  immediately  after  strong  accommodative  eflbris, 
have  led  manv  observers  to  look  for  some  appanitus  for  ne<fative  arfivm- 
minlation.  Cp  to  the  present  time,  however,  there  is  no  positive  proof 
of  the  existence  of  any  such  mechanism,  and  we  are  hence  obliged  to 
usnmc  an  elasticity  or  the  zonula  which  is  capable  of  promptly  over- 
ooming  the  elasticity  of  tbe  lens. 

As  shown  more  at  length  oti  page  112,  in  all  efTnrts  of  accoramodation 
there  is  an  accompanying  contraction  <if  the  pupil.  This  is  easily  proved 
by  the  experiment  of  Ilerlng,'  in  which  a  screen  with  two  holes  in  it  is 
so  placed  before  the  eyes  that  tbe  holes  will  appear  as  one.  If  an  addi- 
tional opening  be  made  above  that  looked  at  by  tbe  one  eye,  and 
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aaotlier  made  below  that  observed  by  the  fellow -eye,  the  small  cirdccnf 
light  will  bec<3me  visible  in  h  verlicnl  line,  one  over  the  other.  Km 
accommodative  effort  without  chanf^e  of  direction  of  the  visual  ii« 
is  now  made,  all  these  circles  of  light  will  at  once  diminish  in  an  nimii 
degree. 

Mydriatics  and  mffoticn.  The  first  of  these  agents  diminisLes  w 
temporarily  8U|ipre9Hes  the  power  of  accommodation,  whilst  the  laaw 
stimulate  the  ciliary  muftcle  to  action,  and.  if  pu8he<l,  produce  spum 
of  accommodation.  Of  the  stronger  mydrintlcs,  there  are  pncticallir 
four  which  are  readily  attainable,  and  in  common  use.  Two,  atiopb 
and  daturia,  act  comparatively  slowly,  and  lh(*ir  influence  passes  of 
slowly.  The  other  two,  diiboiBia  and  hyoiwynmia,  are  more  rapid  and 
more  transient  in  their  action.  In  homatropia,  wc  have  an  atropine 
derivative  whfwe  action  is  weaker  and  less  lasting.  These  drugs  ire 
invaluable,  not  only  for  purposes  of  temporarily  paralyzing  the  ciliwT 
muscle  for  ascertaining  the  true  state  of  the  refraction  of  die  eve,  bil 
they  are  Uacful  for  holding  for  a  time  the  accommodation  at  ao»loie 
rest,  thus  utluwing  low  gmdets  of  irritation  and  inflammation  of  the 
retina  and  ctiorioid  a  chance  to  yofn  off.  This  latter  office  ihev  perform 
by  preventing  congestion  of  those  membrane.?  which  would  phyMologi- 
cally  occur  with  every  effort  of  accommodation.  For  these  purposes,  ii 
is  usual  to  employ  a  stranger  mydriatic  in  a  solution  of  one  part  to  oae 
hundred  and  twenty,  or  four  grains  to  the  ounce,  so  that  tliree  uiiniioi 
instilled  into  the  conjunctival  aac  will  contain  the  one-fortieth  of  a  pm 
of  the  drug. 

All  such  aolutious  are  absorbed  by  the  cornea  and  by  the  blood* 
vesnelrt  of  the  comen-Hclerjil  junction.  They  thus  find  their  way  into  tlie 
anterior  chamber,  where  they  act  directly  on  the  niu»c!e*  ot  the  ciliarr 
body  and  Iris,  as  well  as  on  the  imbedde<l  nerves  and  ganglia.  If  \ht 
anterior  chamber  of  an  eye,  which  has  thus  been  brought  under  tiip 
influence  uf  any  of  the  strong  mydriatica,  he  tupped,  and  the  escapiog 
aqueous  humor  caught  in  a  watch-glass  and  dropped  into  another  evr. 
the  pupil  of  the  second  eye  thus  treated  will  dilate  from  the  dose  of  tlie 
mydriatic  that  is  contained  in  the  aigueous  humor. 

Upon  account  of  constitutional  cffecW,  great  care  should  be  exeraseJ 
in  applying  strong  mydriatics  to  the  eye.  JCspecially  Is  this  so  «ii^ 
dubotsla  and  hyoacyamia.  Many  persons  arc  very  suaccptiblo  to  tliese 
drugs,  and  even  careful  use  will  produce  a  alight  feeling  of  dizaiocsf  on 
auddcnly  riaing  from  a  chiiir,  and  a  sensation  aa  If  the  legs  were  ginng 
way.  In  many  cases,  considerable  and  unpleasiint  dryness  of  the  itnii 
occurs.  In  some  few  subjects,  or  where  the  dnigs  are  carelessly  applied, 
a  rapid  pulse,  flushed  face,  brilliant  eyes,  slight  rise  in  tcnipcraCaR,>ii<l 
eveu  a  low  grade  of  delirium,  may  be  produced.  In  severe  cases  of  tn^ 
constitutional  eflects,  it  may  bocomo  neccsaary  to  administer  sotne  pref*- 
ration  of  opium.  Prr-fcrably,  the  one-eighth  to  the  one-fourth  of  a  giw' 
of  morplila  by  .subcutaneous  injection,  ohoutd  l>e  used. 

In  a  young  emmetropic  and  healthy  eye  where  absorption  is  artift 
one-fortieth  of  a  grain  of  sulphate  of  atropia  will,  as  shown  bv  OUver. 
produce,  ad  maximum,  dilatation  of  the  pupil  (from  eight  to  mne  oiilli* 
meters)  Id  twenty-two  minutes,  wlalst  a  similar  quantity  of  daiariiwU 
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prodoce  the  same  effect  in  eighteen  minutes.     The  author  has  found 
tbat  the  one-fortieth  of  a  grain  of  duboisia  will  cause  full  dilatation  in 
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rompantire  actions  of  the  one-fortieth  of  a  grain  each  of  atropla,  daturia,  and 
homatropla.    (Oi.ivi^k.} 

ifteen  minutes.     According  to  Oliver,  an  equal  amount  of  hjoacyamia 
rill  do  it  in  ten  minutes.    The  latter  author  finds  that  it  takes  the  one- 
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fortieth  of  &  grain  of  hydrobromiite  of  hoiiiuii'opia  thirty  minaiei  to 
accomplii*}i  t\\c^  »Amc  tiling.  Tlic  a(Minn  on  the  aocomrootkuoQ  i*  ii 
each  case  slower  liiati  that  on  llie  pupil.  Tims,  as  shown  in  Fig.  232, 
&tro|>ia  (in  the  clo?e  nbove  mentioned)  paralyzes  the  accomn)0(btM& 
in  forty-six  minutes,  daturia  in  thirty-aix  minutes,  and  hoDMCropii 

fains  ita  utmoat  action  in  sixty  minutes.  The  author  also  iinds  unt 
uboiftia  lake*  but  thirty  minutes.  According  to  the  table,  a  single 
application  of  oue-fortieth  of  u  grain  of  liumatrupia  doea  not  proditoe 
ooTQptete  pariilyHi.-j  of  the  accommoilatinn,  its  niRximum  effect  lastii^ 
only  a  few  minutes.  We  can,  however,  as  shown  by  Oliver,  obttia 
complete  paralysis  by  early  repetition  of  the  instillation,  and,  u  the 
effect  is  so  transient  that  the  patient  can  often  read  again  on  the  not 
day,  it  is  a  most  convenient  drug  to  use  for  all  determination!  of 
refmctton  whei-c  there  is  not  ranch  spasm  of  the  ciliary  muscle  or  cob- 
gestioti  of  the  interior  of  the  eye.'  By  augmenting  the  dose  of  the 
iiiydriiLtic,  a  mure  rapid  action  can  be  obtained,  but  the  risk  i?  run. 
with  such  flnigs  JW  duboisin  and  hyoscyamia,  of  making  the  paMnt 
seriously  uncomfortable.  Fig.  233  shows  the  comparative  acUooj  «f 
atropia,  daturia.  and  homatropia,  in  doses  of  ouc-twentieth  of  a  gnia 
each,  upon  the  uuirritaled  iris  and  cilinrv  muscle  of  a  functiouallr  eia- 
metrnpic  eye.  Figs.  232  and  '233,  compiled  from  a  nnjior  puhliHiied 
by  Oliver,  show  in  the  finely  dotted  liufci*  the  action  of  atropia.  in  the 
long  dashes  thai  of  daturia,  euuI  in  the  solid  lines  that  of  homatropia, 
in  normal  eyes,  fn  these  tables,  on  the  left-hand  side,  from  k  to  .*.  ii 
given  the  loss  of  accommodation  expressed  in  diopters.  The  horizoou! 
lines.  A  to  a',  show  the  nunibtr  of  minutes  after  instillation  at  wbiob 
the  accommodation  was  tested.  The  figures  from  a  to  B  designate  tJi? 
size  of  the  pupil  in  millimeters. 

Whore  hyoxcyamia  or  duboisia  is  used,  it  ia  generally  three  or  four 
days  before  the  patient  is  able  to  read  any  ordinary  print.  In  uiini 
Btropia.  we  may  reckon  on  five  or  six,  hut  ordinarily  it  wilt  be  froo 
ten  days  to  two  weeks  before  all  appreciable  action  of  the  mydmiic 
has  disappeared. 

All  mydriatics,  to  some  extent,  benumb  the  sensibility  of  the  conwi 
nerves,  but  conieal  aniestliesta  is  most  marked  when  cocaine  is  uwl. 
The  mydriatic  action  of  tbiH  ilrug  h  niodemte,  and  its  effect  on  tbe 
•OCommodiitioii  is  almost  inappr<^cinhlc. 

Of  all  the  myotics,  the  alkaloids  of  Calabar  bean  and  jaborandi-leare* 
have  furnished  the  most  useful  contractors  of  the  pupil  and  stimulMt* 
to  the  uccommodation.  In  weak  solution,  eseriue  contracts  the  pupil-- 
stimulates  the  ciliary  umsclo,  and  slightly  augments  the  ninge  of  accDB^~ 
modtUton.  In  strong  solution,  it  causes  accommodative  spasm,  ui^> 
brings  both  the  near  and  far  points  closer.  Jaarsma'  says  that  i  solu- 
tion of  e'M.'Hne  of  the  strength  of  one  part  to  one  hundred  instilled  in'*! 
an  emiuetmpic  eye  with  a  near-point  and  range  of  acoommodation  <'* 

>  Wtslli;  Um>  ahnvc  utalcmcnLi  ak  true  of  j-onuB  Ammetraptf  Knd  hectUir  cjre*.  we  m«i  '^ 
totga  ibHt  In  uailiix  Uiie  NlVneUoi)  In  cum  ofaailinnatlHn  aiwI  bypwoMtropto,  la  «lilr^  *** 
iMVe  10  dent  with  h j-iHirlniiiihf  or  Ui»  Hllmj'  miucli',  upaurn  nf  ■ccnmnMalulon.  MkI  V^^i^zl 
(CMton  of  !))«  cllifciT  I'roooMW.  rctliw.  ami  rtiotloM.  U  often  nNHdUm  nfieiMd  tMIU*'*'*' 

(  0*«r  de  Werklnc  <nn  eentec  tlrdriactoft  en  Hrottca  op  de  Acaoinmndaile  «ii  d«  GnM*  ^^ 
Pajril'    Uldffii.  ISM.  |>.  XL 
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eight  diopters  (12.5  centimeters),  had,  in  a  quarter  of  an  hour,  a  range 
of  only  7.5  D.,  the  near-point  heing  at  8  centimeters  (equal  to  12.0  D.), 
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CompAntlTe  actions  of  the  one-twentieth  of  a  ^raln  eacb  oF  atropla,  daturla,  and 
homatropia.    (Ouvek.) 

and  the  far-point  at  20  centimeters  (equal  to  5.  D.).    The  eye  had,  there- 
fore, become  myopic,  and  had  diminished  its  range  of  accommodation 
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^H           by  but  O..~>0  D.     In  the  course  of  an  hour  and  a  quarter,  this  spasm  of    ■ 
^H           we  accommo^ntion  had  passed  off,  while  the  contracting  power  of  the 
^H           ciliary  uiu^rle  was  still  Iiirgcly  iiicreiuioil:  tlie  fHr-point  being  equal  to 
^H           infinity,  hut   the  near-point   beinz   still  at   8  centimeters  (equal    to     M 
■            12.5  D.).                                                                                                           1 
^H               Fig.  23^  shows  the  course  of  the  near  and  far  points,  and  the  eon-     1 
^H           traction  of  tlie  ptipil,  in  a  case  where  one-quarter  of  a  drop  of  a  glycerin-     1 
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^^^^V                                                  Action  gf  CUKtar  extract.    (Doxkeib.)                                           ^^^H 

^V           solution  of  Calabar  extract  M^as  used,  of  the  strength  of  one  minim  to 
^H            four  frminA  of  the  bean.      Here  the  contraction  of  the  pupil  begins 
^M            almost  aimultaneously  with  the  spasni  of  accommodation,  and  attains  its 
^H            maximum  in  Ironi  thirty  tn  forty  minutes,  while  the  maximum  of  accom- 
^H            modatioQ  is  reached  in  about  the  same  time.     In  six  hours,  the  accom- 
^H           modation  has  h(x-ome  nearly  nornuil,  althou;;h  tmcca  of  the  action  of 
^H            the  drug  remain  on  tlie  third  day.     The  pupil  regains  its  normal  sixe 
^H           more  slowly,  being  still  decidedly  contracted  on  the  second  day,  and  not 
^H            returning  lo  its  nutnral  ittnte  uutil  the  third  day. 
^H                Under  the  uae  of  eserine,  the  pupil  becomes  smaller  clinn  it  does 
^H            under  strong:;  tight-siiinulns,  and  h  more  or  less  angular  in  sh&pe. 
^H            Entoptic  observation  shows  that  slight  and  sluggish  consensual  contrao- 
^M           tion  and  dilatation  remain.   Solutions  of  cscrinc  become  reddish  with  age, 
^H           from  the  formation  of  rubeserint.     This  substance  is  said  to  be  devoid 
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of  iDTotic  stctioD.  The  drug,  therefore,  becomes  weaker  when  kept  for 
»  long  time,  although  often  remaining  reasonably  active  long  after  the 
AolutioD  has  become  tinted.  The  snlicylnte  is  said  to  be  less  imtating 
to  the  conjunctiva  than  the  sulphate  Pilocarpine  is  usuallv  omployea 
either  as  n  muriate  or  a  nitrate.  It  i«  an  iictive  myotic,  but  to  get 
the  same  eflect  tbst  id  obtaine<.l  from  eserliie,  the  solution  must  be  nearlv 
of  double  strength.  According  to  -iDursmH,  in  an  emmetropic  eyC)  witli 
a  near-point  of  ten  anil  a  half  centimeters  (9.ft  T).),  ■white  the  far-point 
is  at  eighty  centimeters  (1.26  D.),  a  quarter  of  an  hour  after  instillation 
of  a  solution  of  one  part  to  fifty.  1*  is  at  nine  and  a  half  centimeters 
(10.5  D.).  In  two  hour«  und  three- quarters,  the  fur- point  has  again 
receded  lo  infinity,  while  the  accomraodntioii  is  10,2  D.  Muaciirine  is 
another  myotic,  which  is  obtained  both  from  the  amanitu  mii»ooria,  and 
from  the  albumen  of  ttie  hen's  egg.  It  is  said  to  act  irregularly  and 
feebly  in  conlractirg  the  iris,  hut  works  very  energetically  on  the  ciliary 
muscle.  Krenchel  tells  us  that  it  alwavs  ciiuses  cramp  of  the  ciliary 
tausele.  nod  diminishes  the  amplitude  of  the  accommodation.  The  action 
of  opium  as  a  myotic  is  too  well  known  to  need  comment  here. 

Pmhtfoyia  is  the  name  given  to  the  losd  of  accouimodatiou  which 
ensues  in  old  age.  By  reference  to  Fig.  228,  the  gradual  decline  of 
this  power  from  childhood  throughout  life,  may  be  seen.     Fig.  2-S5  gives 
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a  graphic  representation  of  the  diminished  vjilue  of  relative  accommo- 
dation in  a  presbyopic  emmetrope  of  forLv-four  years  of  nge.  Fig.  23() 
ahows  that  in  an  eye  of  the  same  optical  tuiM  at  sixty  years  of  age,  the 
power  to  change  accommudatiun  with  unaltered  convergence  ban  almost 
iltsBppcared. 


ACOOK  If  OVATION. 

Pructically,  hi  eunuetropic  eyes,  the  age  at  which  the  loss  of  (iccoin- 
luudatioii  vrill  be  fell,  will  v»i-v  with  the  vigor  of  the  individual  and  the 
clnims  whic-li  his  occupation  innkos  on  his  eycn  in  near-work.  Dondere 
haa  fixed  the  hmic  of  presbvopia  empiricaltv  at  ttmt  time  at  which  an 
emmetropic  eye  has  its  biiioeulnr  near-point  Ht  ei^lit  inctiw.  As  ordi- 
narily we  cannot  work  for  any  considerahk  lengtli  of  ilrae  at  our  near- 
point,  any  near-work  will  be  held  considerahty  farther  off — probably  from 
fourteen  to  eighteen  inches.  The  individual  thus  aflected  will  seek  a  very 
strong  light,  complaining  even  of  ordinary  print.  Often,  he  may  either 
hold  the  letters  between  the  light  and  himself,  or  so  place  them  thai  a 
strong  light  shall  fall  both  on  the  eye  and  on  the  printed  page;  thus 
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AlBKHt  loul  diMppwraneo  of  nluive  ucoinmodfttloii  in  \  preibyople  aBmecroiM 
af  Blxtr  re&n  of  Kg*.    (Dokuxw.) 

causing  the  pupil  to  cnntmiU  and  diminiinhiDg  the  circles  of  diffusion  that 
arc  produced  hy  his  imprrfcct  accommodation.  Usuallv,  glasses  should 
be  given  which  bring  the  binocular  near-point  to  from  eight  to  ten  inches. 
Stronger  glasBen  are  apt  to  be  uncomfortable,  because,  owing  to  the 
stiffening  lens,  great  strain,  even  for  ordinary  work,  is  put  on  the  accom- 
modation. In  such  a  case,  although  the  result  is  very  Blight,  the 
exertion  of  the  ciliary  muscle  is  intense.  The  book  is  therefore  held  at 
8  distance  at  which  the  print  isdialinctly  i«een — a  distance  which  makes* 
much  greater  strain  on  llie  weakcTied  accommodation  than  it  does  on  the 
unimpaired  convergence.  K  strung  convex  glass  reverses  all  this.  It 
enables  the  eye  to  ^ee  distinctly  without  accommodative  effort  at  a  dis- 
tance wliicli  makes  considerable  demand  on  the  convergence.  Such 
patients  are,  therefore,  usually  better  suited  with  moderately  strong 
coDTex  glasses  so  mounted  that  their  optical  centre*)  are  set  a  little  closer 
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together  than  the  centres  of  the  popils,  thus  altowiog  them  to  act  as 
veak  prisms  vith  ibcir  hoses  inward.  Sucli  ^lassee  (timinish  the  con- 
vergence" necewary  for  biiiwulur  fixation,  while  they  lewen  the  slmin 
on  the  aoeommoilation  and  bring  tho  ncar-poini  closer.  The  giving  of 
glaases  in  which  the  centres  ni-e  further  apart  than  the  pupilit,  will  result 
in  great  discomfort,  hy  augmenting  the  tension  on  the  intenii  whiUt 
diminishing  the  strain  on  ihe  accommoilation.  Ortlioscopic  lenses  have 
been  proposed,  of  such  strength  that  they  may  enable  the  patient  to  read 
at  the  far-point  of  tho  glass  without  effort  of  either  tho  accommodation 
or  the  convergence-  Their  strong  prismatiL'  action  is,  however,  iincom- 
fortabW,  causing  a  flat  suiface  to  appear  curved  with  the  convexity 
toward  the  patient,  and  making  the  vertical  lines  of  any  rectangular 
figure  appear  as  if  curved  outwAr-l. 

The  following  table,  from  Donders,  shows  the  strength  of  glass  re- 
quired bjr  emmetropic  presbyopes : 
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PtaOaNOfiUnliici 

Age. 

UliMM  Dfonnry 

DMMieeordMJnfft 

'•*■ 

IneiamMTOfdk 

vUoii  In  iDchci. 

In  cauoHropU. 

virion  In  Inotiei. 

« 

L««~<i.«5 

M" 

u 

>it,-lT5 

11" 

M 

*w — *■" 

W 

19 

'i|,-».» 

M>- 

m 

t|«-I.3S 

W 

7& 

>!,  -ijoa 

V 

m 

>is-1.1S 

w 

» 

><i  — LSO 

r 

m 

•jw-iW 

13- 

W 

'h  -5.« 

r 

a 

'fH-tM 

la" 

While  the  table  is  correct  for  cniniotropitt,  low  gndee  of  myopia  or  of 
bypermetropia  will  cause  considerable  variation  in  theriesr-point.  Thus, 
the  presence  of  0.75  or  of  1.  D.  of  myopia,  will  often  postpone  the  time 
when  it  is  necessary  to  wear  glasses  for  old  sight  from  two  to  seven 
years,  because  the  binocular  near-point  will  not  have  receded  to  eight 
inches  before  this  period.  Myopes  of  higher  grades — for  example,  those 
who  have  their  far-point  from  ten  to  seven  inches — will  never  need 
glasses  for  reading,  inHMmuch  a^  rhey  will  always  be  able  (o  read  at  (heir 
lar-poinl.  Presbyopia  in  such  eyes  forces  the  myopic  patient  to  hold 
his  book  at  this  point,  and  the  loss  of  aceommodaliou  is  manifen  in 
the  fact  that  he  cannot  rend  fine  print  inside  of  this  distance.  While 
myopes  of  low  grade,  as  above  staled,  are  eventually  compelled  to  wear 
convex  glasses  for  reading,  those  of  high  grade  will  be  obliged  to  rewrt 
to  weaker  concave  glasses,  so  iia  to  make  less  demand  on  ihcir  failing 
accommodation.  On  the  other  hand,  bypermetropia  of  low  grade  causes 
the  €«rly  recession  of  the  near-point  and  iht'  preuuitUTe  wearing  of 
glasses.  All  presbyopic  hypermetropes  shniihl  have  a  glass  which 
represents  the  sum  of  the  presbyopia  and  the  hypermetropia. 
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EM3IETR0PU,  HYPERMETROPIA.  MYOPU,  AND  ASTIGMATISM. 

KMMBTFIOI'U. 

Emmetrvpia  is  that  state  in  wliicli  tUe  rods  and  cones  of  the  retiia 
are  plitced  exactly  in  tlie  principal  focus  of  the  combined  lenses  of  the 
eye.  Tlierefore,  audi  ho  eve  in  a  state  of  rest  focusaes  sharply  all  dj»- 
tani  objecta  wliich  send  to  it  parallel  rays  of  liglit.  While  this  is  ibf 
mutheinaticid  definition  of  emmetropia,  there  are  very  lew  sbsolutdf 
etnmtiti'opic  t^yes,  and  any  pnictitionor  could  count  on  the  fingers  of  one 
hand  the  number  of  cn.<ae-s  in  wliich,  nf^r  pariUy«tft  of  the  ciliary  msMle 
under  repf^Rted  doses  of  a  strong  mydriatic,  the  distant  vieion  of  appurent 
euimetropee  could  not  be  perceptibly  itiiprovetJ  by  (he  use  of  a  weak 
cylindriciil  or  spherical  convex  or  conca\'c  glass. 

Id  the  reduced  eye.  the  simplest  method  of  calcalatiog  the  sixe  of  the 
retinal  images,  circles  of  diffusion  on  the  retina  in  imperfect  accommoda* 
tiun,  aatiguiatieim.  ur  the  position  of  couj  ugutu  foci,  ctiti  be  obtiiine<L  Fig. 
12f),  on  page  149.  explains  litm  cfmveniently  we  may  arrive  at  fiuch  re- 
sultji,  representing  the  Rixe  of  the  retinal  image  produced,  for  instAoc^. 
in  nn  emmetropic  eye  at  five  meters'  ditstance.     As  before  explain^ 
Dondcrs  and  others  have  assumed  the  existence  of  a  normal  tone  in  tbo 
ciliary  mu&cle.,  the  lempui'ary  annihilation  of  which  hy  a  mydriatic  causci 
every  emmetropic  eye  to  become  slightly  hypermetropic.     In  fact,  ibe 
existence  of  small  degrees  of  ametropia  does  not  prevent  the  eye  irtm 
having  a  vision  of  .'j'5  or  belter.     Nevertbelese,  we  are  obliged  to  limit 
our  clinical  definition  of  emmi;tropia  to  cases  in  which  the  ametropii  i# 
less  than  0.2o  P.,  because,  especially  in  hypermetropic  eyes,  suck  * 
defeat,  when  there  arc  asthenopia  and  feeble  health,  ia  at  times  suffideBt 
to  cnu?e  considerable  inconvenience  to  (lie  piitient.     In  »uch  ca8«,« 
find  that  a  cylinder  of  thifl  amount  add»t  perceptibly  to  the  comfort  of 
the  patient.    Thn^,  although  emmetropia  i»  really  a  mathematical  deSni- 
tion — a  delicate  knife-blade  of  a  balance,  on  one  side  of  which  lies 
hy|>erm,etropia,  and  on  the  other  myopia — nevertheless  there  are  qnite  t 
number  of  cases  in  which  the  ametropia  is  so  slight  that  they  may  ^ 

Sraeticaily  reckoned  as  cmmetropcs.  11  should  be  nndersiood  that  tVii* 
efinition  of  emmetropia  differs  very  much  from  that  adopted  hy  imtt>«^ 
ous  BUthont — indeed,  by  many  whg  have  iiisLitutod  and  pubhshed  cxV^^' 
aive  studies  of  the  refraction  of  the  eyes  of  school-children,  Frequec^") 
in  such  statistics,  all  eyes  having  a  vision  of  Oi'S  are  cIaAsi6ed  as  era 
tropic,  even  when  ophthalmoscopic  examination  shows  a  hypermetrc^"' 
of  U.2.T  V).  to  0.76  I).,  and  where  there  is  a  marked  sinking  of  the  ace— ^' 
of  vision  under  atrupiriixtition,  which  rides  to  normal  with  the  cor 
ing  glass.  So,  too,  on  the  other  side,  young  myopes  of  a  grad^^^ 
U.2a  D,,  can  often  readily  see  the  G/6of  Snellen's  table. 
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It  is  evideat  that  an  eve  io  which  the  priocipal  focus  of  its  combiDed 
tense  falla  on  the  retina,  may  varr  in  its  dimension,  this  beinj;  uccortl- 
JDg  to  the  ra<llu8  uf  curvature  of  its  lenses  and  theii  indices  uf  refrac- 
tion.  The  skurter  the  radium  of  curvnture  of  the  curiiea  or  of  the  lens. 
and  hence  the  higher  the  indict*)!  nf  refraction,  the  cloHer  tho  retina 
vould  have  to  be  to  the  combine>)  lens-system,  to  make  an  emmetropic 
eye. 

According  to  Donders,  a  grent  miiny  measurements  of  emmetropic 
oyc8  have  Bhowu  that  there  i^  little  variation  in  tho  optical  constaiils. 
Taking  the  same  view  of  the  compariitively  small  Tsriation  of  emtne- 
tropic  eyes,  Lisliug  and  Hehuhultz,  and  several  later  writers,  have,  as 
shown  on  page  14o,con«triii;ted  ttchrniatv:  '-^ex  fur  the  easier  calculation 
of  the  course  of  rays  of  light  in  their  pnssage  to  the  retina,  etc.  Fol- 
lowing Listing  and  [>oiidera,  we  have  in  the  reduved  eye,  as  shown  on 
page  148.  a  still  further  simptiGcatlon  of  the  optical  processes  involved. 

If  to  Listing's  assumption,  that  the  length  of  the  visual  axis  of  (he 
schematic  emnictropic  eye  is  equal  to  2'2.&i  i  millimeters,  or  Kulmhoitx's 
■Bsertion  that  it  is  equivalent  to  22.834  millimeters,  we  add  1.3  milli- 
meters for  the  avenige  thickness  of  the  sclerotic  at  the  fov«a,  we  obtain, 
in  the  first  caHc.  2-S.947  millimeters,  and  in  the  latter.  24. 1  ;J4  millimeters, 
as  the  absolute  diameter  of  an  emmetropic  eyeball  at  the  visual  axis. 
After  a  careful  discussion  uf  this  subject.  Mauthner  assumes  cnnsider* 
able  variation  in  the  nxis  of  emmetropic  eyes,  which  may  hare  cither  n 
sharply  curved  coratra,  with  a  correspondingly  shorter  diameter  of  the 
globe,  or  a  lees  curved  cornea,  with  a  greater  diameter  of  the  eyeball. 
As  extremes,  be  states  that  we  may  have  an  einmetrnpic  eye  with  a 
Corneal  radius  uf6.95.millimeters  and  a  visual  axis  of  20.1)5  millimeters, 
cr  one  with  a  corneal  radius  of  8.04  millimeters  and  an  nxis  of  24.04 
millimeters.  If  we  add  1.3  millimeters  for  the  thickness  of  the  sclerotic. 
we  obtain  22.25  millimeters  as  the  diameter  of  the  smaller  eyeball,  and 
26,24  millimeters  as  that  of  the  larger.  Dondcrs'  has  given  7.785 
millimeters  as  tbe  average  radiuH  of  curvature  of  the  cornea  in  twenty- 
seven  emmetropic  males,  and  7.719  millimetera  as  the  avomge  in  eleven 
emmetropic  females.  All  these  were  carefully  measured  with  the  ophthal- 
mometer. Arit'  adoptj!  a  corneal  curve  of  IM  millimeters  and  an  axis 
of  24  millimeters  tu*  the  average  standard  in  emmetropia,  and  considers 
any  axis  over  26  millimeters  as  myopic. 

Numerous  inveatigations  have  shown  that  infants  arc  almost  univer- 
sally bom  with  hypermetropic  eyes,  while  daily  clinical  experience 
teaches  us  that  the  majority  of  eyes  of  adults  which  have  not  been  over- 
worked, retain  some  (legree  of  hypermetropia.  Nevertheless,  like  the 
rest  of  the  body,  the  eye  has  grown,  and  its  diameter  on  the  visual 
axis,  as  welt  as  the  horizontal  and  vertical  meridians,  has  increased. 
Our  anatomical  knowledge  in  this  direction  is  still  d*-fective.  The  most 
complete  meaaurcments  are  tho-se  of  Jaeger's,*  which  ahflwtlmt  in  newborn 
babes  the  average  diameter  in  the  vUual  axis  is  17.495  millimeters,  the 
average  horizoutiil  diameter  17.2  millimeters,  and  the  average  vertical 

I  DetocltoJ  IterMcllu'i  ^iiil  A<-«hiiiii'><IhIIod.  Vew  Syileoham  Sue..  IBM,  pp.  S>,  M 
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Uiameter  16, 3S  millimeters.  The  same  nutLor  states  that  the  avcrmge 
visuul  axis  in  adoU  eyes  which  are  not  much  used  for  nfar-work.  ia 
24.3  millimeters;  the  average  horizontal  Jiameier  being  23.305  milH- 
mctci's,  Slid  the  avera}i;c  vertical  diiimetcr,  23,5^}5  inillimetcrB.  We  must 
remember  thnt  this  growth  of  the  evcball  is  accompnnied  by  a  ihick- 
eniikg  of  the  sclerotic  (especially  of  the  durul  layer),  by  a  decrease  ia 
tlie  curvuiure  oi'  tlie  leiiB^  nnd  by  n  reienlioii  of  the  proper  reliitioos 
between  the  visual,  and  the  vertical  and  the  horizontal  axes  of  the  eyeball. 
If  ttiere  be  pathological  changes  In  a  diminishing  hypermetropia  or  a 
commencing  and  increasing  myopia,  there  will  be  a  thinning  of  the 
ocular  coats,  a  disturbance  of  the  i-elatious  between  the  inner  and  outer 
layers  of  the  sclerotie,  and  u  marked  variation  in  the  different  axes,  with 
an  undue  increase  in  the  sagittal  and  horizontal  diameters. 

Theoretically,  the  emmetropic  eye  is  probably  the  he^t  ailapted  for 
comfort.  With  it,  ditttant  objects  are  seen  sharply  wltliout  effort,  and 
when  it  focnsses  near  ones,  the  normal  relation  between  convergence  and 
accommodation  i»,  as  a  rule,  undisturbed.  Emmctropes,  however,  have 
the  disadvantage,  as  compared  with  myopes,  of  being  obliged  to  put  on 
gtusses  for  near-work  at  forty-six  to  forty-eight  years  of  age. 


Hypermbtropia. 


ffvpermetropia  (hyperofna)  is  the  name  given  to  thnt  condition  id 
which  the  recipient  elements  of  the  retina  lie  insiJe  of  the  principal 
focus  uf  the  combined  lenses  of  the  eye.  Consequently,  in  a  state  of 
rest,  all  parallel  and  divergent  rays  would,  if  not  intercepted  by  the 
retina,  be  brought  to  a  focus  behind  it.  Only  convergent  rays  would 
focris  on  that  membrane.  Inasmuch  as  all  objecla  reflwl  either  diver- 
gent or  parallel  rays,  as  previously  explained,  .such  an  eye  is  unable  in 
a  state  of  rest  to  see  distinctly,  uitless  by  using  its  accommodation  it 
can  cause  its  lens  to  Itecome  more  convex  and  thus  refract  the  niys  more 
strongly,  thus  causing  the  principal  focus  to  be  thrown  on  the  retina. 
Having  thus  used  a  part  of  its  accommodative  power  to  convert  itself 
functionally  into  an  emmetropic  eye  in  oriler  to  boo  objects  emitting 
parHltet  mys  distinctly,  it  has  that  much  les.-<  power  to  focus  near  objects 
which  fiiniiah  divergent  rays.  Therefore,  the  nearest  point  of  distinct 
vision  lies  farther  from  such  an  eye  than  it  would  in  an  emmetropic  one 
with  the  same  power  of  aconinmodaUon.  This  retrocession  of  the  near- 
point,  causing  an  inability  to  nccommodato  properly  for  the  time  of  life, 
is  one  of  the  most  certain  and  characteristic  symptoms  of  hyperme- 
tmpiu,  so  that  if  a  patient  be  in  full  vigor,  has  hud  no  recent  attack  of 
acute  sickness,  and  no  astigmatism,  we  may  look  on  it  as  complete 
evidence  of  hypermetropia.  As  this  state  of  refraction  can  often  be 
masked  by  the  accommodation,  it  ia  evident  that  the  symptoms  of  Its 
presence  will  depend  on  the  reliition  existing  between  the  amount  of 
hypermetropia  and  the  power  of  accommodation.  In  the  young, 
modemte  degrees  of  the  defect  may  be  completely  concealed  by  the 
accumiiKhdiitiou,  in  both  near  and  distant  vislou.  The  hypermetropia  is 
then  said  to  be  latent.  If  the  degree  of  the  defect  is  higher  or  if  the 
power  of  accommodation  h  lessened,  there  is  painful  or  indistinct  vision 
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of  near  objects,  or  oven  misty  outlines  of  distant  ones.  The  bypcr- 
inetropia  is  th«n  said  to  be  mam/c*t, 

Mani/eal  fit/peniiftropia  is,  by  systematic  writers,  divided  into  three 
«iiegori«:  I.  FtieuUndvf'  hfpermetropia^  in  which  the  patient  can 
overcome  the  refraction  error,  hotli  for  near  and  for  diHtant  objects,  by 
tttluntary  effort,  'i.  Relative  hifpermetropiit,  m  which  there  is  only 
Kafficient  aecummodation  to  neutralize  the  defect  by  an  undue  effort  at 
oinvergence.  3.  Ahuolutt  htffvnnetropia.  in  which  the  patient,  even 
if  he  acoommodatc  to  bis  utrnost.  cannot,  upon  account  of  the  great 
amotint  of  refraction-error  or  the  failure  of  the  accomuiudtition,  see 
distant  objects  distinctly;  this  being  more  prnnoiinced  for  nimr  onett. 
In  relftlive  bypermetropia,  the  visual  axe-i,  instead  of  meeting  on  the 
f<oint  looked  at,  cut  one  another  between  tlie  point  of  6.xatIoii  and  the 
eve— resulting  in  the  production  of  convergent  squint. 

It  is  evident  that  an  individual,  retaining  the  same  degree  of  byper- 
metropia. nii)rbt  pass  through  all  these  stages,  having  facultative  hyper- 
nietropia  while  young,  relative  in  mature  years,  and   absolntc  as  he 
iproacbes  old  age.      The   feebleues*  of  accommodation  produceil  by 
vere  or  exhausting  disease,  is  a  freijuent  cause  of  similar  changes  in 
be  range  of  distinct  vision.     The  clinical    symptoms  are   protean  in 
fonu.      They  may  be  ndvanlageously  studied  under  three  heads:   First, 
Ij  fiuigue;  second,  didturb»nces  in  the  circulation  in.  the  eye  and  its 
pendagea;  and  third,  neurutic  disttirbnncea. 

1.  We  constantly  meet  with  examples  of  early  fatigue  in  middle- 
xed  people,  who  nnd  that  they  get  sleepy,  their  lids  become  heavy, 

their  eyes  itch  or  burn,  and  the  print  begins  to  blur,  during  con* 
tintted  near-work.  In  order  to  avoid  ttiese  discomforts,  rbey  press 
or  mb  their  eyes  and  foreheads  vrilh  their  hands.  This  bringing  a 
sense  of  relief,  they  resume  their  work  for  a  time,  only  to  he  again 
annoyed  by  »  recurrence  of  tlie  symptoms.  Upon  examination,  their  eves 
appear  healthy.  They  generally  have  perfect  vision  fur  distance,  but 
tb«r  range  of  acroinmodation  is  diminishe<l.  The  ophthalmoscope 
sbons  a  healthy  hypermetropic  fundus.  Such  patients  may  still  barea 
vision  of  .ir  j  through  weak  convex  glasses,  while  stronger  ones  give  the 
normal  range  of  accommodation,  enabling  them  to  read  with  comfort  ae 
long  aa  they  deture. 

2.  It  is  a  well-known  law  of  physiology  that  the  use  of  any  organ  is 
accompanied  by  an  increased  flow  of  blood  to  it,  causing  a  certain  amount 
of  ooDgeetJOD  of  the  partA.  The  eve  is  no  exception  to  the  rule,  ita  tissues 
becoming  congoated  from  use.  fn  a  hypermetropic  eye,  this  congeatton 
is  more  marked.  This  is  upon  account  of  the  extra  exertion  which  the 
ciliary  muscle  is  called  apon  to  put  forth  to  overcome  the  optical  defect 
of  construction,  thus  causing  more  than  the  normal  Sow  of  bluod  to  it. 
The  ciliary  body  and  uveal  tract  become  congested,  the  bloodvessels  of 
the  retina  carry  more  than  a  normal  amount  of  blood,  and  the  lymph- 
■pnoes  are  distended  by  serum  ;  white  ;»iinilar  proceNnes  take  place  in  the 
bulbar  and  tarsal  conjunct! viv  and  in  the  eyelid.s.  In  many  cases, 
therefore,  we  find  red  and  heavy  eyelids  with  the  congestion  especially 
marked  in  the  ciliary  margin,  and  an  increase  and  perversion  of  the 
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secretion  of  the  sebaceous  follicles  at  the  roots  of  the  cilia  and  M«i- 

lujinian  glanile.  Tlie  congelation  of  the  conjuncliva  may  be  fliehl, 
or  may  iiianifent  itself  as  »  symptomatic  conjunrtivitit  irith  tnArlcMi 
increase  of  secretion  and  siiiartiog  and  burning  of  the  eye.  Any  pre- 
exiatentlow  ^rade  of  catarrhal  or  of  phlyctenular  conjunctivitis,  is  thus 
continued  and  increased,  so  that  such  chronic  inflammation,  while  persiet- 
ciitly  rela]»)in^  al^er  treatment  by  astringenlH,  and  auf^mcntod  by  every 
attempt  to  use  the  cye.i,  will  frequently  yield  to  a  mydriatic  and  the 
employment  of  convex  lensee  which  correct  the  hypennetropia. 

Examination  with  the  ojihthalinoBajpe  showaa  varymgilegree  of  ha«e 
of  the  retina,  with  fulness  and  tortuosity  of  the  retinal  reins,  which  is 
moat  marked  around  the  optic  disk.  Numerous  yellowish-white  and 
silvery  rcflexca  may  be  seen  following  the  course  of  the  central  vessels, 
or  running  ofl'  from  them  at  an  an;^Iu  luid  coming  out  into  the  fibre- 
layer  above.  Those  roflcxes  shift  with  each  motion  of  the  mirror. 
The  normal  finely-stippled  appeflranee  of  the  epithelium  of  the  chorioid 
is  exaggerated.  It  appears  woolly  and  ill-deRned.  At  Uuiea,  its  pig- 
ment is  so  disturbed  and  concentrated,  that  it  looks  as  if  it  were 
sprinkled  with  black  pepper. 

The  eyes  in  this  state  feel  swollen  and  uncomfortable.  They  often  itch, 
smart,  and  bum  when  usfNl  ior  near-work.  These  symptoms  are  more 
pronounced  whed  arli6cial  light  is  employed,  objects  fixed  upon  be- 
coming niistv  and  blurred^  If,  in  spite  of  these  discomforts,  work  is 
persisted  in,  ncadache  over  the  eyebrows  and  temples  generally  appears. 

All  these  symptoms,  especiaUy  those  alTecting  the  interior  of  Ineeye. 
rapidly  diminish  under  absolute  rest.  This  is  obtained  by  the  per.«fltent 
application  of  any  one  of  the  stronger  mydriatics.  If  the  use  of  the 
mydriatic  is  followed  by  the  employment  of  the  proper  correct! ng-glassee, 
these  symptoms  will  not  recur  in  uncomplicated  cases.  Where  these 
precautions  are  neglected,  and  the  use  of  Llie  e\'ea  for  near-work  is  per- 
sisted in,  the  congestion  becomes  chronic.  The  enrclopes  of  the  eye 
gradually  lose  their  tonicity  and  become  softened  until,  under  the  influ- 
ence of  the  intra-ocular  premsure,  the  globe  undergoes  slow  and  gradual 
disteniion.  Here,  there  is  a  dlminhhing  fii/pertnetropia,  which  may. 
when  excess  of  near-work  is  avoided,  become  stationary  at  any  grade. 
UfWn.  however,  such  an  overtaxed  eye  may  gradually  and  slowly  dis- 
tend, until  by  almost  imiierceptible  gradations  its  refraction  creeps  on 
into  myopia.  These  conditions  are  most  marked  in  the  medium  and 
lower  grades  of  hypermctrnpia,  as  in  this  class  of  cases  only  can  will- 
power and  muscular  eftorl  correct  the  defect  sufficiently  to  permit  con- 
tinuance of  work.  When  the  refraction-error  is  greater,  the  individual 
is  oblige<l,  upon  account  of  blurring  of  near-work,  either  to  discontinue 
or  to  resort  to  the  use  of  convex  glasses.  This,  associated  with  the 
foct  of  the  greater  thickness  of  the  sclerotic  in  high  hypennetropia, 
shows  why  the  refraction  of  such  cases  often  remains  unchanged. 

3.  In  high  degrees  of  hypennetropia,  the  ciliary  muscle  is  so 
little  able  to  persistently  combat  the  eye-defect,  that  any  effort  at 
continued  near-work  is  relinquished,  unless  the  strain  is  relieved 
by  the  use  of  appropriate  convex  glasses.  In  healthy  young  people, 
with   a  hypennetropia  of  between  two  and    three  diopters,  tne  eye 
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sble  to  icmporarily  overoome  its  uncorrected  defect  by  severe  and 
isteot  effort.     Ae  the  bours  of  work,  however,  cannot  long  be  main- 
tained coniinuoiiitly,  the  sclerotic  retuatnH  rigid,  and  the  congestion 
becomes   less  mnrlEed  ;  the   freqoont  nnd  obhgntnry  intervAls  of  rest 
allowing  any  increased  vascularity  to  subside      The  ejfort  and  strain  on 
the  part  of  the  cilinry  muscle,  are  shown  by  pain  in  the  eye  or  temple 
and  forehead.      In  nggravated  caj>es,  the  pain  shoots  through  the  top  of 
the  bead  and  to  the  juncticin  of  the  occiput  with  the  spine.     If  the 
{Mtient  complains  of  such  aymptoms  in  their  most  marked  form,  he  may 
lie  obliged  to  discontinue  all  useful  occupation,     In  some  ciiwes,  he  may 
eien  be  in  great  distress,  through  fenr  of  atihse'iuewt  blindne-ss.    Often, 
tlie  neuralgia  is  so  intense  that  any  change  of  tension  in  the  ciliary 
lEuBcle  becomes  painful,  and  reflex  disturbances,  usually  consisting  ia 
H-nsations  of  dizzine.<«3  and  nausea,  are  developed.     These  arc  especially 
t»U«d  forth  by  any  rapid  change  of  focus  of  the  eye,  as,  for  cxumide,  in 
iHHikkeepers  who  are  nlmo«t  momentarily  compelteil  to  look  from  a  day- 
bo<ik  to  n  ledger,  or  pianist)*  who  alternately  glance  at  a  sheet  of  muflic 
and  the  keyboard.       On  testing  such  patients,  we  iind  that  they  usually 
have  perfect  vision  for  dintance  for  n  few  moments  only :  a  blur  then 
coiuee  before  the  eyes.     Tn  some  cases,  the  act  of  accommodation  i»  90 
painfiil  thai  it  is  diSicutt  to  induce  nny  eflbrts  to  read.     When  encour- 
agement, however,  ia  made  to  mnke  the  attempt,  fine  print  may  be  read 
for  a   few  luuments.     In  eucli  cases,  tht;  ophthalmoscope  shows  clear 
xnedia  with  a  hypermetrupiH  of  fnim  two  to  tliree  diopteni.     The  disk, 
retina,  and  chorloid  appear  nearly  noraiuK     Le^  severe  but  somewhat 
aimiliir  symptoms,  with  markerl  congestion  of  the  interior  of  tlie  eye, 
are  constantly  encountered  in  low  grades  of  hypermetropia.     These 
occur  either  in  persons  who  are  convalescent  from  acute  disease,  or  in 
those  who  have  an  enfeebled  and  broken-down  nervous  system.     At 
times,  the  same  conditions  are  found  in  wonien  suffering  from  chronic 
«oneestion  of  the  mucun  memhrnne  of  the  uterus,  uterine  disjdacement, 
or  those  shrinking  ami  atrophic  changes  of  the  organ  which  accompany 
the  menopaui^e.     Tn  this  cliiss  of  patients,  pain  in  the  back   and  top  of 
the  head,  accompanied  by  great  discomfort  atid  dull  pain  deep  iti  the 
L  orbits  immediately  hack    of   the    eyes,  ie  frequently  complained   of. 
^B  Here,    the  symptoms   are    often    most    severe   soon   after  naiog   in 
^H  the  morning,  before  the  eyes  have  had  any  near-work,  and  when  one 
^m  might  expect  them  to  be  refreithed  by  tileep.     Such  patients  complain  of 
«       a  feeling  as  if  the  eyes  were  sticking  to  tlie  eyelids,  and  as  if  they  could 
not,  therefore,  open  the  eyes;  this  latter  symptom  being  more  marked 
during  the  irregular  menstruation  which  often  precedes  the  menopause. 
The  ready  fatigue  of  the  eye  on  very  slight  use.  and  the  neuralgia, 
discomfort,  and  blur  caused  by  slight  and  moderate  degrees  of  hyper- 
metropia in  cases  showing  the  very  earliest  irritative  and  ataxic  symp- 
II       toms  of  posterior  spinal  sclerosis,  may  fairly  be  dossed  as  among  the 
^K  earliest  eigiis  n(  that  ilisvaiie. 

^V  Aphakia.  When  absorption  of  tlie  lens  is  produced  by  discission,  or 
when  tlie  lens  is  removed  from  the  eye  by  extmeCton,  a  high  degree  of 
hypermetropia  is  generally  produced.  The  want  of  the  lens  in  such  an 
eye, gives  a  dioptric  system  which  is  composotlof  but  one  refnicting  surface 
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(the  coi*nea).    In  fmnt  nf  tliifl  mtrBice  is  air,  and  behind  it  are  tIleal)ll^ 
om  und  vitreous  huDiors.    Aa  botb  of  these  have  nearlT  the  same  iniiex 
of  refraction  aa  water,  the  conditions  for  calculating  the  length  of  axis, 
the  Aiste  of  retinal  inmgefi.  etc.,  are  nlmoat  ns  fitvonhle  as  in  the  Mhf- 
matic   eye.       Experience  has  shown  thai.  i»hcre  the  eye  is   obiiIt 
emmetropic  liefore  operation,  a  glass  of  4"  focus  (L  e.,  ISi,  1'4)  helil 
half  an  inch  in  front  of  the  organ,  will  correct  the  hypermetropic.    U 
also  teaches  that  when  a  much  weaker  lens  is  required,  wc  have  t« 
deal  with  an  organ  which  was  originally  myopic.      If  a  stronger  lens  be 
required,  there  h»i<  been  previous  hypcnoetropia.    The  only  excepUon  t«^ 
these  rules  is,  wlierp  there  1b  nn  abnormally  short  radius  of  oomeil  cnC 
vature.     Very  rarely  do  we  meet  with  myopia  so  high  that  after  extra*?"* 
tion  of  the  Icn^  thft  eye  becomes  emmetropic.    Donaera  has  relateti  mt9^ 
a  case.     lie  ha.*  calculnted  that  the  length  of  axis  that  i."*  re*|uisit<  t-^*'^  ™ 
produce  euinietropiu  in  aphakia  must  be  oO.oH  millimeters.    Mauthner      ^\§M 
liaH  shown  by  measurement  of  several  aphakic  eyes,  that  the  length  o     "^^ 
the  iixis  in  emraetiopia  varies  from  fJ2.4  to  24.!*  millimeters.     For»le*^- "^ 
has  endeavored  to  prove  that  in  Icnsless  eyes  there  is  still  a  power  dK 
accommodation  which  is  dependent  upon  ihe  action  of  the  cillsry  mos— 
cle  in  diminishing  the  rudiud  of  curvature  of  the  coruea.    The  apparency  ^'■^ 
Booomiiioihition  found  in  homii- eu.^ett  iiIut  cataract  operation  is,  however,.*-"  *' 
prohribly  due  eittmr  to  a  ^li^ht  Hhifting  of  the  correcting  lens,  causin 
an  increase  in  the  distance  lietween  the  glass  und  the  eye,  or  narrowing 
of  the  pupil  in  the  effort  to  see  near  objects,  with  conso<|uent  diminuti'''n 
of  the  circles  of  diffusion.     We  can  readily  recognire  how  great  an  effect 
can  be  produced  by  ihia  latter  manu'uvre,  by  placing  a  very  small  dia- 
phragm in  front  of  a  photographic  lens,  and  observing  the  images  which 
are  formed  on  the  ground-glass  screen  of  objects  that  are  jilaced  at  dif- 
ferent distances.     Moreover,  Dondcrs  and  4'oert  have  shown  that  every 
movement  of  a  distant   object,  causes  a  blurring  of  the  sight  in  the 
aphakic  eye,  which  can  be  corrected  by  the  addition  of  either  minus 
or  plus  glassea  to  the  spectacles.     Mauthner  has  seen  a  ca»e  where  a 
psTient  wlio  was  tested  with  Burchardt's  dot£,  claimed  a  blurring  of  the 
imnge  for  every  change  given  the  distjinoc  of  the  Icet-objecL     Again, 
where  print  is  used  as  a  te^t,  a  know1e<lge  i^f  the  letters  and  ifiiiclc  intel- 
ligence, will  often  permit  correct  conclusions  to  be  drawn  even  though 
the  images  be  blurred  and  imperfect. 

In  cases  of  verv  high  hypermetropia,  it  may  be  desirable  to  prove 
the  presence  or  absence  of  the  lens.  Where  the  cornea  is  clear  anil 
the  pupil  is  wide,  the  catoptric  test,  as  exp1»ined  on  page  01,  will  at 
once  enable  us  to  decide  as  to  its  cxifttcnoe.  Wbei'e  the  cornea  Is  cloudy 
and  tlie  pupil  is  small,  the  modification  of  Kchcinor's  test  invented  by 
Thomson,  as  explained  on  page  251,  will  often  enable  us  to  arrive  at 
a  correct  conclusion. 

According  to  Donders,  a  iihnrtening  of  the  visual  axis  of  half  a  milli- 
meter would  give  a  hypeniielropiii  of  1,21.4^:  of  one  millimeter,  would 
givca  hypermetropia  of  1' 1(1.34  :  of  one  and  a  halfmillimelers,  would  give 
a  hypermetropia  of  l,'fi.fi41t ;  and  of  two  millimeters,  would  give  a  hyper- 
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opiAof  1/4.302.  Mauthner  sa^rs  that  if  II  equal  1|'40,  the  corneal 
nijius  will  cunal  7.77  millimeters,  and  the  diameter  of  the  eyeball  in 
tiie  nsual  axis  will  equal  24.70  millimeters ;  if  H  equal  1/12,  the  cor- 
neal mdiua  will  efjunl  7.62  milliniotcra,  and  tbc  diameter  of  the  eyeball 
in  the  visual  axis  will  equal  23.K7  millimetere :  if  H  equal  1,13,  the  cor- 
neal radius  will  e(|iial  7.4H  ui  it  I  i  mi- tern,  and  the  diameter  of  the  eyeball 
\a  the  visual  lucis  will  equal  3'2.oH  millimeters;  nnd  if  It  c<{\\n\  Vift, 
iie  corneal  mdius  will  equal  7.43  millimeleni,  and  the  diameter  uf  the 
lyebnll  in  the  visual  nxia  will  equal  21. Ho  millimeters. 

The  difference  between  these  estimates  is  bo  slight  that  for  all  prac- 
ical  purposes,  they  may  be  aasiimod  as  idcnticnl.  They  a^ree  nearly 
ritli  the  poat-mort^^m  measuromont  of  axe*  of  eyes  in  which  the  dogre» 
i  liVpermetropia  have  been  prpvioiisly  known. 

tlue  objective  symptoms  of  high  degrees  of  hypennetropia  are  quite 
nrlced.  Generally,  there  is  an  apparent  divergent  squint.  When  the 
veball  is  roUc<l  strongly  inward,  the  shortness  of  its  axis  is  revealed  by 
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kratore  in  the  equatorial  region.  The  anterior  chamber  is 
IV,  and  the  pupil  'n  amall.  i'he  shorlriefw  of  the  visual  axis 
fhich  produces  the  seeming  external  deviation  of  the  eye,  causes  a 
;reater  divei^net;  betwueti  the  visual  axis  uud  the  major  axis  of  the 
omeal  ellipse  than  usual.  This  in  so.  even  if  the  distance  from  the 
uicala  to  the  disk  should  be  slightly  leas  than  in  the  emmetropic  eye. 
)ondcrs  has  proved  that  the  angle  alphn  averages  7°  An"  in  hyperme- 
fopic  eyes,  while  in  emmetropic  organs  it,  is  usually  equal  to  .5°  82". 
B  nypennctropie  t^yes,  dissection  shows  an  axis  which  varies  from  uine- 
Mtt  to  twenty-three  millimeters.  This  shortening  produces  a  much  more 
apid  curve  at  the  equator.  The  sclerotic  is  thicker  and  is  more  dense. 
I^In  high  degrees  of  hypennetropia,  the  circular  fibres  of  the  ciliary 
cle  are  so  hypertrophied  that  there  i-*  either  a  right  angle  or  an 
one  fonncil  at  the  junction  of  the  anterior  nnd  the  external  sur- 
ICM.  This  is  less  so  in  emmetropia.  In  high  myopia,  the  angle  is 
flea  quite  acute.     Section  of  such  a  muscle,  as  was  first  pointed  out 
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by  Iwanoff.  will  of^co.  without  other  evidence,  show  thiit  no  ere  i 
hypermetropic.     Figs.  237,  288.  ami  2>!i>,  of  the  ciliary  muscle,  takeE 
from  hypermetropic,  emnnetropic  «nil  myopic  eyes,  will  serve  to  mnka 
the  ilifierences  evident. 
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Tn  many  cases  of  byperractropio,  ilie  foriu  of  the  face  is  tiiffcrent  fronr^^Wi 
that  wliicli  is  characteriatic  of  cmmctropia  and  inyopin.  The  orhiu  aie»  mt 
shallow,  with  edjjea  wluuli  project  but  little,  and  the  measurement  front«rwii 
corresponding  points  on  ilieirouier  rims,  is  unusually  great.  The  eyee  »re^~"«r 
wide  apart,  the  nose  is  flat,  and  the  cheeks  are  but  little  rounded,     Ifc  JC 


noiat. 
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this  is  accompanied  with  apparent  divergence  of  the  viaual  axis,  a  shal- 
low nnicrior  chamber,  a  narrow  pupil,  and  a  sharp  curve  of  the  eyel 
at  the  equator,  the  chaF&ctcristlcs  of  pronounced  bypcrmetropia  am 
present. 

It  follows  from  ihc  explanation  given  of  latent  hypermetmpia, 
that  it4  existence  may  .sometimes  be  difficult  to  prove.  The  chronic 
congeetion  of  the  I'fin  or  the  conjunctiva,  or  the  iiiarkeil  anthenoptc 
symptoms,  may  be  due  to  other  causes,  and  when  we  examine  such 
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eve  funotionally,  the  great  power  of  tlie  ciliary  mmcle  masks  tbe 
Mffoct-  Such  patients  not  only  reject  the  weakest  convex  glasses,  bat 
even  prefer  weak  concave  ones,  as  making  the  images  for  distant  vision 
sharper  and  clear.  In  kucIi  caseA.  the  upright  mcthuil  of  examination 
prith  the  ophthalmoscope  and  the  iihadow-te^tt,  inaj  fail  a[><o.  In  ca.qcs 
of  spasm,  the  inability  to  relax  the  accommodatloD  entirely,  with  the 
consequent  diminution  of  the  range  of  distinct  vision  in  rending,  may 
convince  ua  of  the  probability  of  the  presence  of  hyperraetropia.  In 
botli  instances,  novorthclcss,  it  otlen  becomes  necessary  to  instil  a 
mydriatic  in  prove  the  prcaencc  of  the  refraction-error. 

Id  middle  life  and  old  age,  theite  diflicuUieti  of  diagnosis  are  re- 
lieve*! by  the  dimiohed  accommodative  power  being  no  longer  sufRcienl 
to  hide  the  defect.  In  such  cases,  convex  glasses  improve  the  distant 
vision,  whilst  the  retrocession  of  the  near-point  beyond  iLs  usual  sltua* 
lion  at  the  patient's  time  of  life,  makes  the  diagnosis  easy.  If  neces- 
sary, ailditionul  evidence  by  means  of  the  retinal  shadow-teat,  or  an  ex- 
luniiiaUon  of  the  oyc-ground'with  the  direct  method,  can  be  obtained. 

Hypermetropia  of  low  grade  is  the  normal  stale  in  the  eyes  of  all 
the  human  race  which  are  not  excessively  and  constantly  used  for 
near-work.  It  is  alsn  the  (.'ondition  of  the  ailult  eye  in  all  the  lower 
animals.  In  the  former,  the  slight  effort  of  accommodation  that  is  stiffi- 
vient  to  give  sharp  distant  vision  and  to  enable  a  morferate  amount  uf 
near-work  to  be  done  without  discomfort,  is  not  perceived  by  healthy  and 
vigorous  individuals.  In  youth,  low-grade,  uncomplicated  hypermetropia 
does  not  need  any  correction  by  glasses,  it  is  only  when  old  age  ap- 
proaches such  subjects,  that  the  failing  accommodation  is  no  lunger  fit  to 
overcocae  the  defect,  and  that  they  are  obliged  to  rwort  to  spectacles  for 
near-work  earlier  than  thoAewho  have  emmetropic  organs.  Later,  they 
may  require  them  to  see  sharply  at  a  distance.  lu  young  people  whose 
complaint  is  of  early  fatigue  of  the  eye,  it  will  usumtly  be  suflicient  to 
order  a  glass  which  correcta  the  total  hypermetropia  for  the  accustomed 
near-work,  allowing  them  to  go  uncorrected  for  distance  as  long  »»  they 
see  distant  objects  comforcably  und  distinctly.  Theoretically,  the  heal 
course  would  be  to  convert  euch  an  eye   into  an  emrnetrypic  one,  by 

giving  it  a  full  correction  to  wear  hahitnally.  Practicidly,  we  find  that 
lifi  u(  uDdesirahlc,  and  that  such  pntlents  will  reject  .inch  gla.>wcs  as  long  a» 
they  can  see  distinctly  at  a  distance  without  asthenopia.  This  arises  from 
the  fact  that  eyes  which,  since  childhood,  have  been  accustomed  Co  strain 
their  accommodation  and  convergence  in  the  effort  to  see  distinctly,  and 
hare  thus  acquired  hypertrophy  of  the  ciliary  muscles  and  of  the  inter- 
nal recti,  arc  unable  at  once  to  reverse  their  habits  of  work  with  comfort. 
In  addition,  It  must  be  remembered  that  any  gla^,  no  matter  huw  well 
fitted  io  the  eye  and  face,  is  a  nuijinnce  by  giving  rise  to  circlefl  of  difTu- 
«ion  which  arise  from  reflecting  images  of  brightly  illuminated  ohjecta 
striking  tt3  posterior  surface,  thus  making  the  edges  and  rims  of  the 
glasses  unpleasantly  apparent.  Disagreeable  feelings  in  tbc  nose,  tem- 
ples, and  ears  are  also  often  occasioned  by  the  weight  of  the  glasses  and 
pressure  of  their  frames.  Of  course,  if  distant  vision  i«  made  much 
more  distinct  with  the  glasses,  or  if  headache  and  cye-scrain  is  relieved  by 
leir  tise,  the  advantages  resulting  from  their  employment  lead  the 
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patient  to  hnbitiiAtc  liimsrlf  to  them  and  to  neglect  the  inconvcnit 
As  such  penKiiis  become  uld^r.  tlie  gta»8  correcting  the  manifest  li^ptr- 
metrupia  is  only  able  to  give  sharp  distant  vision,  thus  neoeasitating  a 
tecond  and  stronger  pair  of  glas-iwa  for  near-work. 

Iq  the  second  class  of  hy perm etro pes,  where  the  constant  atraio  on 
the  ciliarv  muscle  causoa  reflex  disorders  of  the  ciroalaUoD.  sod  ihero  is 
blepharitiM  or  catarrh  of  the  conjunctiva,  the  correctinff-glaaaes  should 
be  advised  to  be  constantly  worit.  Tliis  shoiild  be  done  so  as  to  prwemt 
not  only  discomfort,  hut  also  to  avoid  the  chronic  congestion  of  the  inte- 
rior of  tLf>  eye  and  of  its  walls,  which,  by  permitting  softening  and 
stretching,  gives  rise  to  u  rliminiifihing  liyijcnnetropis  and  paves  the  way 
to  myopia.  In  many  instances,  on  account  of  the  ungightUness  of 
glasses  and  the  annoyances  caused  by  their  constant  wear,  this  udrioe 
will  be  persistently  rejected.  In  auch  cases,  we  shall  he  obliged  to  con- 
tent ourselvea  with  combating  the  external  inflammation  hv  weak  astrin- 
gents, detersive  eye-wiiters,  or  MOiiie  of  the  mcrctirial  or  other  ointraenti, 
taking  care  to  give  the  patients  full  correction?  for  near-work.  These 
meaaiires  may  be  pursued  with  safety  as  long  aa  the  ophthalmoscopic 
appearance  of  congestion  of  the  interior  of  the  eye  is  inconsiderable,  and 
there  are  uo  evidences  of  diminishing  hypermetropia. 

In  the  third  class  of  cases,  in  whicli  tJiere  are  oje-stntin,  headaclie, 
and  other  neurotic  diaturhnnceii,  the  total  hypermetropia  should  be  care- 
fully a^certaineij.  We  should  insist  on  our  patients  wearing  habitually 
as  strong  glasses  as  are  possibly  consistent  with  the  obtaining  of  nonoal 
binocular  vision  for  distance  and  the  giving  of  good  range  of  accomooo- 
dacion.  Hy  reason  of  liynerirophy  of  the  ciliary  and  the  internal  recti 
muscles,  a  total  correction  will,  when  accommodation  returns,  blur 
difltant  objects.  Owing  to  the  diminished  necessity  for  work  of  the  tntemi 
when  a  smaller  demnnd  is  made  on  the  occommr-dation,  it  will  also 
cause  a  disturbance  in  the  muscle-balance  both  for  near  aod  far  vi»oii.i 
Where,  owing  to  the  extremely  hyperassthctic  slate  of  the  nervom 
system,  auch  a  correction  cannot  W  worn  for  constant  use.  it  must 
be  ailhereil  lo  for  near-work.  In  these  cases,  we  should  supplv  the 
strongest  glasses  for  distance  which  can  be  worn  habitoally.  Atatch 
ehould  be  kept  over  the  patients,  and  stronger  glasses  supplied  from 
time  to  time,  according  os  their  hypertrophicd  ciliary  muscle  becomes 
weaker,  and  aa  they  learn  to  moderate  the  strain  on  their  straight  mus- 
cles, to  which  thoy  have  for  yeaj^  beer  habituated  in  efforts  to  see 
distinctly.  In  correcting  such  cases,  we  must  never  lose  sight  of  the  fact 
that  we  should  be  guided  not  solely  by  the  amount  of  hypermetmpia,  but 
also  by  the  wmstitutional  state  of  the  patient.  Il  is  a  mailer  of  every- 
day observation,  thongh,  unfortunately,  not  sufficiently  insiste<l  on  by 
writers  on  the  subject,  that  persona  who  are  convalescent  from  acute 
disease,  or  those  who  have  feeble  health  and  impaired  nutrition,  as  well 
as  thosu  who  have  liypcnesthesia  uf  the  nervous  system,  suffer  acutely 
from  low  grades  of  liyponnetropia  which  would  produce  no  symptoms  of 
discomfort  at  the  same  time  of  life  were  they  in  robust  health.  In  many 
cases  of  nervous  debility,  in  the  hypericathetic  state  preceding  central 
nerve  degeneration,  and  in  the  various  disturbances  of  health  acoora- 
pauyiug  uterine  or  ovarian  disease,  adolescence,  or  lh«  change  of  life,  we 
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daily  see  that  the  correction  of  a  hvpenoetropia  of  0.25  to  f>.60  D.,  or 
cqnivaleDt  cbangeR  in  gtaABeK  alrciui^  worn,  relieve  headache  and  ner- 
TOQsness,  nnd  enable  the  patients  tn  perform  their  dnilv  tasks  with  less 
lliscomfort.  Again,  individuals  who.  in  an  enfeebled  atale  of  healtli,  hare 
found  spectacles  absolutely  necesfiikry  for  comfort,  can,  |>erIiHps,  lay  them 
iside  when  they  have  regained  their  accustomed  vigor.  In  prescribing 
fi;]asses  without  the  use  of  a  mydriatic,  it  is  usually  desirnble  to  order 
for  distance  use,  the  utrongest  Ions  which  will  give  perfectly  sliarp  vision 
for  Snellen  VI,  nt  six  meters.  For  near-work,  the  strongest  gla.«w 
should  be  given  which  allows  a  range  of  accouimodation  to  correspond 
to  the  age  of  the  patient. 

In  the  opinion  of  the  author,  a  correetion  shouht  bo  prescribed  in  all 
cases  of  raurkcd  local  vascular  disturbance,  or  where  (here  i«  nsthcnopia. 
To  aecertain  this  in  young  people,  it  is  necessary  to  obtain  (he  tibsotnle 
amount  of  refractioti-erntr.  This  is  done  either  by  placing  the  ciHary 
muscles  under  an  apparently  full  inBucnce  of  one  of  tbe  stronger  mydri- 
atica,  or  by  instilling  repeatedly,  at  shorL  iriturviiis,  solutions  of  weaker 
ones,  sncb  as  homatropine.  Without  such  ilrugs  it  i»  impossible,  in 
such  cases,  except  iu  the  middle-nged  and  in  the  old,  to  ascertain  the 
toial  hypermctropia,  either  by  test-glasses,  by  the  ophthalmoscope,  or 
by  the  shadow-test,  OrdiDorily  the  efficient  use  of  a  mydriatic  iw  ren- 
dered difficult  by  the  fact  that  it  obliges  the  patient  to  tempornrilv 
abandon  hid  occnpatitin.  Whore  asthenopia  is  considerable,  he  is  well 
repaid  by  the  result.  Where  thf^re  is  marked  congestion  of  the  interior 
of  the  eye,  the  use  of  the  drug  is  ab»olutely  curative,  us  the  persistent 
use  of  strong  mydriatics  under  these  cirrumstnnaes  will  often,  without 
other  medication,  be  foHowed  by  complete  subaideace  of  the  retinal  and 
chorioidal  irritation,  thus  leaving  a  quiet  and  healthy  state  of  the  finidus 
oculi.  In  employing  these  agents,  vre  must  never  forget  that,  owing  to 
the  wide  expansion  of  the  pupil,  t)ie  retina  is  ut\en  exposed  to  many 
times  the  amount  of  light  which  Nature  ever  intended  to  reach  this  deli- 
cate structure.  In  order,  therefore,  to  re*lace  tbe  amount  of  light  which 
eotere  the  eye  to  somewhere  near  the  nonnal,  we  should  protect  it  by 
causing  the  patient  to  wear  a  pair  of  London-smoked  glnKtes.  A  neg- 
lect of  this  precaution  will  often  cause  additional  haze  and  congestion 
of  the  retina,  inatcad  of  aiding  tlic  eye  to  return  to  a  state  of  tiuiet. 
Occasionally,  it  will  produce  a  low  grade  of  chorio-rclinitis,  which  is  far 
ca^er  to  call  into  existence  than  to  cure. 


Myopia. 


I„„... 

focus  of  the  refracting  leuses  of  the  eye  falls  in  frunt  of  the  retion. 
Here  the  rays  of  the  light  (rom  disUinl  objects,  having  already  crossed, 
diverge  to  form  circles  of  diffusion,  these  becoming  larger  in  proportion 
to  the  increase  of  the  distance  between  the  principal  focus  and  the  recep- 
tive retinal  screen.  Such  an  eye  ia  capable  only  of  receiving  sharp 
images  of  near  objects,  which  send  tn  it  ilivergent  rays.  The  uistanco 
ac  which  rays  from  any  given  point  are  the  least  sufficiently  divergent 
^^0  be  sharply  focussed  on  the  retina,  gives  the  lar-point  of  distinct 
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vision.  Conscf|iicnily,  it  indicates  the  grade  of  myopia.  The  ooiroctiDg- 
hns  uf  such  &ti  eye  la  tlint  conc»ve  aX&as  wliich.  ueld  immediaiely  in 
fi-oTit  of  the  eye,  causes  p&riLLIel  rays  oi  liglit  to  diverge  80  stroDgly  tliat 
they  rtppeur  to  come  from  this,  its  nfttural far-point.  According  to  the 
rcfmctiiig  power  of  the  necessary  cor  reeling -glass,  vre  gpcak  of  the  grade 
of  the  myopia. 

It  Is  evident  that,  in  any  emmetropic  eye  an-iiuged  so  that,  in  a  state 
of  rest,  its  priticipul  focus  shall  fall  on  the  retina,  myopia  may  be  pro* 
duoed  either  by  nti  tncreiwe  in  the  carvnttire  of  the  cornea  or  of  the 
lents.  or  by  »n  etongation  of  the  visual  axis.  Although  the  principal 
fotus  of  the  eye  falls  in  fi-ont  of  the  retina  in  nil  these  ca.s«t.  yet  ibey 
are  not  all  technically  termefi  myopin.  For  in.stJince,  myopia  is  prac- 
tically produced  by  an  incrcaiie  in  the  curvature  of  the  cornea  in  staphy- 
loma of  the  cornea  and  conical  cornea.  It  mny  be  caused  by  an  increase 
in  the  curvature  of  the  lens  in  the  early  stage  of  cataract,  or  it  may  be 
proiliieetl  by  n  Kpri>irn  In  the  niut^cle  of  accornmodation.  In  fact,  there 
i$  n  production  of  temporary  short-sigh  ted  ne!w  every  time  that  accom- 
modation is  nindc  for  a  neur  object,  ti  m  only  whore  there  is  an  elonga- 
tion of  the  visual  axis  which  \h  due  to  a  stretching  of  the  coats  of  the 
eyeball,  that  there  exists  what  is  usually  classiBed  as  myopia.  Tbe 
greater  the  elongation  of  the  axis,  the  nearer  does  the  far-point  appro8ch 
to  the  eye,  and  the  smaller  becomes  the  range  of  distinct  vision.  The 
affected  indivifluiil  seei^  the  ino<}ii  Hiid  otlu>r  dit^ticict  and  brilliant  objects, 
of  larger  sixe  thnn  natural  und  foggwl  with  hazy  outlines.  Small  dis- 
tant objects,  which  are  less  briUiantiy  illuminated,  are  invisible  to  him. 
False  eBtimalcR  of  magnitude  and  distance  are  thus  formed,  and  he  livas 
within  a  narrow  circle  of  vision,  thus  being  placed  at  a  great  dinad- 
vantagc^in  most  outdoor  purt^uits  and  sports  when  competing  with  those 
who  have  emmetropic  or  hypiTmeirfipic  eyes.  If  this  state  of  affairs  be 
n<jt  corrected  by  glas.«es.  ihe  youthful  myope  will  acquire  distinct  mental 
liabits  and  peculiaritiea.  He  will  become  bru^iiue  in  his  manner  and 
unduly  self-relianc.  Perhaps,  at  times,  he  maybe  hesitant  in  positions 
where  it  is  neoessary  to  judge  properly  of  his  surroundings  or  to  appre- 
ciate the  feelings  and  changes  of  countenance  of  those  whom  lie  is 
addressing. 

In  myopia  that  is  due  to  increase  of  the  visual  axis  of  the 
eye,  many  chanactenstic  tissue-chnngea  arc  encountered.  The  cornea 
usually  retains  its  nomial  curvature,  but.  according  to  Donders,  it  may 
sometimes  bo  flatter.  The  anterior  chnmber  is  deeper,  tlie  pectinate 
ligament  ot  the  iris  is  thinner,  iind  tbe  pupil  is  generally  wider.  Owing 
to  the  gr^^ter  development  of  ttie  longitudinal  bbres  and  the  small 
number  of  the  circular  fibres,  the  ciliary  body  has,  as  was  shown  in 
Fig.  289,  a  peculiar  shape. 

The  retina,  chorioid,  and  sclerotic  are  stretched,  causing  a  thinning  of 
the  ocular  walls  in  that  part  which  has  un<lergone  the  greotest  elonga- 
tion, this  being  usually  most  marked  in  the  neij^hborliood  of  the  macula 
lutca.  At  timcK.  however,  the  optic-nerve  entrance,  or  part  of  it,  fonni 
the  deepest  part  of  the  eyeball.  Occasionally,  the  greatest  protuberance 
may  lie  to  the  nasal  siile  of  the  disk.  In  I85S.  Arlt  published  four 
cases  of  myopia,  in  which  the  degree  of  short-sight,  as  indicate<l  by  the 
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correcting-glaas.  was  compared  with  careful  tncaaurement  of  the  visual 
axis  after  death.  Soon  after,  Jaeger  augmented  the  knowledge  in  this 
mpect,  b^  publiHhin;;  ophthalmcKic{)]>ic  drawings  of  the  eye-grouiida  of 
several  cAnes  of  car^^ully-eorrected  ametropia  where  (tubxoqnont  di!»ec- 
lion  showed  the  structuree  gf  the  ocular  coat»,  the  length  of  the  visual 
ai«s,  aud  the  condition  of  the  optic-nerve  entmnces  and  their  vicinity. 


SteOon  of  ebnucs  lo  UmpQ  of  dlawl  end  of  Uie  Uiurvu^Ml  >t»ve.    (J  abobk.) 

[e  thus  proved  that  myopia  which  is  equivalent  to  one  twenty-fourth,  had 
a  visual  axis  of  "25.7  millimeters;  tlmi  myopia  which  ia  equivalent  to  one- 
twelfth,  had  a  visual  axin  of  27.7  millimeters;  that  myopia  which  ia 
equivalent  to  onc-tcnlb.  had  a  visaul  axis  of  28.0  millimeters  ;  that 
myopia  which  is  eciuivalcnt  to  one-eighth,  had  a  visual  axis  of  2P.7 


X 


OptattuImoacopl'C  new  of  cIwiieu  hi  vhiL|i«  "i  'UkaI  vod  of  tlit 

millimeters;  that  myopia  which  is  equivalent  to  one-fifth,  had  a  vii^ual 
axis  of  30.6  millirae'ters;  and  that  myopia  which  U  equivalent  to  one- 
fourth  and  a  half,  had  a  visual  axis  of  82.6  miltiiuoters.  Later 
anatomieiU  data  prove,  in  the  main,  the  correctness  of  these  tables. 
Yet,  aa  has  been  shown  in  speaking  of  emmetropia,  thaie  vnlueii  are 
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lewMnnly  absolute.  Tlie  ulight  varmtions  here,  «s  there,  hit 
{liiilent  upon  tti(<  greater  leiigtii  of  llie  axis  Wing  piirlly  CDmpen8ati<«l 

flatter  cornen,  .\t  the  snine  lime,  Jaegpr  pointe<l  out  tliat  the  Ji»- 
^emeiit  >>r  the  inner  layer  of  the  scleroiiu  upon  the  outer,  prcnlucM  a 
Inge  in  the  shape  of  the  discal  end  of  the  tnterrsgitial  sfMoe.     He 


TiU.  MZ 


SeMlon  or  etiuNiefl  in  diiai&uon  ot  t»i&  4ttaH  «nd>  of  ibe 
InlervBgliMl  k^mce.    (Jaeqek  ) 

found  it  to  become  enlarged  and  cluh-ahapcd  on  the  nasal  aide  and  slit- 
like on  the  temporul  s'nh,  in  those  cusm  where  the  muximum  distentiou 
of  the  eyeball  is  in  the  visual  axis.  This  is  tteen  in  Figs.  240  and  241, 
He  moreover  proved  that  both  ends  of  the  space  were  dilated  in  those 
cajos  where  the  greatest  stretching  was  in  the  position  of  the  optic  nxh. 
This  is  ahowii  in  Figs.  24ii  and  243. 

nil.  34X 
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Oi<tithaliiMwx>i4cri«wortlllat«.U[>t)uriiDUten<l«K>t  nfmot.    Htxatat-i 

He  further  demonstrated,  as  shown  in  Figs.  244  and  245,  that  tberej 
is  A  thinning  and  stretching  of  the  reMels  which  constitute  the  nrt«-J 
rial  nno-stomosiB  between  the  tthort  ciliary  arteries  and  the  central  rettnnr 
artery,  nt  the  head  ol  the  optic  nerve. 
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Jaeger  has  called  attention  to  the  incqualitv  which  exists  becweeii  th« 
venical  and  horiional  equatorial  axes  in  myopic  eyes,  shnwin^  tlint  the 
latter  is  alwave  di>«pro[)urti<>iiat«ly  tlie  greater.  He  ha»  found  that  these 
axes  are  nearly  equal  in  eiiiiuclr.>|»ie  or  Hlightly  liypennetropie  eyes. 
Lately,  Stilling'  has  laid  strew  on  the  eninrgemeiit  of  tlie  horizontal 
diameters  of  the  eyeball,  attrlbutiug  it,  as  well  as  the  backward  pro- 
tuberance in  the  macular  region,  to  the  action  of  the  superior  oblique. 
H  Weiaa  has  prored  that  in  some  myopic  eyes,  with  marked  elongation  of 
^the  axis,  the  optic  iicrve8  are  ^liurt  and  are  put  on   the  stivlch  by 


the  inward  and  downward  movements  of  the  eye. 
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When  the  eyeball  thua  underguea  distention,  either  the  vitreims  must 
enlarge  or  a  space  must  form  wliich  snon  becomes  filled  with  serum.  In 
the  majority  of  such  eyes,  softening  of  the  posterior  part  of  the  vitreous, 
with  a  breaking  down  of  its  structure  and  the  formation  of  floating  fila- 
ments, occurs.  These  filnaieuta  often  throw  shadows  on  the  retina,  and 
are  perceived  by  the  patient  as  lauscto.  At  times,  therr  \&  u  detachment 
of  tlie  vitreomt,  the  «paco  between  it  and  the  retina  being  filled  with 
fiuid.  L'siially,  the  thinning  and  atrophy  of  the  chorioid  are  most  marked 
at  the  outer  side  of  llie  optic  entrance,  presenting  either  a  ineniscoid  or 
a  conical  shnpe.  The  area  of  atrophy  may,  however,  encircle  the  nerve- 
head  and  be  more  developed  either  to  the  nasal  side  or  above  or  below. 
It  may  extend  out  irregularly,  often  following  the  retinal  vessels, 
and  having  its  greatest  diameter  in  the  direction  of  the  upper  or  lower 
leniporal  onincTieH  The  nfTeclcil  areii  may  became  alrtiplii(.%  or  have 
pigment-»potB  and  .some  iinnhli titrated  vctaels  of  the  chorioiil  remaining 
in  it.  Besides  these  change.-)  (as  well  as  in  other  states  of  refraction), 
a  horizontally  ovoid  disk,  wttli  retinal  vessela  entering  obliquely  from 
above,  is  occasionally  found.  Such  a  nerve-head  is  bordered  below  by 
■  broadened  scleral  ring  and  a  completely  atrophic  area,  beyond  which 
there  is  on  area  of  partial  or  complete  atrophy  of  the  chorioid. 

In  some  rare  casea,  even  uf  high  myopia,  there  Ja  but  little  that  is 
abnormal,  except  a  slight  thinning  rtf  thechorioiil  cont  and  its  contained 
pigment,  to  he  seen  with  the  ophthiilmoscnpe.  Generally,  even  in  mod- 
erate myopia,  there  is  a  narrow  bnnd  or  a  meniscus  at  the  outer  side  of  (lie 
optic  nerve,  where  the  chorioid  is  lighter- colored  than  in  other  parts,  and 
iu  which,  at  times,  helpings  of  pigment  or  some  of  the  larger  vet»»el»  of  the 
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chorioiil,  can  be  seen.  Tliit;  lo»;  of  chorioiil-pigment  may  oontinue  till 
the  entire  meniscHs  becomes  wliite.  The  area  of  dintiirbefl  or  fth»orbed 
pigmentation  ia  generally  boundeii  tovrard  the  tDHcuIa  lutea.  by  a  more 
or  leas  complete  black  nm.  In  cosesof  myopia  ofhigher  degree,  the  men- 
iscus u^umes  a  more  or  less  conical  shape,  with  the  apex  of  the  cone  gen- 
erally pointing  toward  tlio  mucula.  At  timeB,  the  e&niu  may  be  so  dotted 
•with  concentric  pigment-rings  as  to  show  the  various  stages  in  its  growth. 
The  atrophic  area  is  frpijuently  not  conliued  to  the  temporal  side  of  the 
disk,  but  Hurrounils  the  ilifik,  Ofieii,  in  cases  uf  high-grade  myopia  in 
pntientt  tnward  middle  life,  where  th>e  disease  is  nf  long  standing,  groups 
of  irregular  pigment-splotches  and  white  atrophic  patches  appear  in  the 
chorioid.  They  seem,  by  preference,  to  form  in  the  macolar  region,  or 
bewteeu  it  and  the  disk.  In  some  advanced  cases,  besides  the  foroiation 
of  conua,  there  is  an  absorption  of  epithelial  pigment  throughout  the  eye- 
ground.  This  loss  so  aflects  the  rods  and  cones,  as  to  cause  great  re- 
duction in  visual  acuity.  It  is  often  uucouipanied  by  the  prodaction  of 
numerous  vitreous  opacities.  These  changes  in  the  vitreous,  chorioid, 
and  retina,  frequently  prelude  a  detachment  of  the  retina,  which  may 
gradually  lend  to  absolute  blindness.  Many  cases  of  high  myopia,  bow- 
ever,  retain  fair  peripheral  vision  for  years  after  macular  changes  have 
caused  the  appearance  of  ulmolute  central  scotoma. 

Patients  with  slight  degrees  of  myopia  often  scarcely  recognize  any 
deterioration  of  the^r  sight,  and  art;  «iurprised  to  find  that  their  distant 
vision  can  be  bettered  by  concave  glasses.  Those  with  mo<lerate  degrees 
complain  of  inability  to  see  objects  clearly  at  a  distance;  while  those 
with  high  degrees,  tfi,oroughly  realising  their  nejir-sightednees,  complain 
either  of  increase  of  the  aRection,  or  of  inability  to  recognize  objects 
clearly  at  the  distance  at  which  they  are  compelled  to  work.  lu  young 
people  who  see  hiidly  at  a  dietunce,  [>Grfcct  acuity  of  vision  ia  usually 
found  at  some  point  near  the  eye.  If,  under  such  circum stance*,  letters 
of  double  sixe  are  no  longer  read  at  double  the  distance,  the  existence 
of  myopia  may  be  aBsumed.  Especially  is  tliis  s-o,  if  the  patients  still 
hare  the  full  amount  of  accommodation  which  is  proper  for  their  age, 
and  the  entire  range  of  accommodation  is  brougbt  nearer  to  the  eye.  In 
auch  cases,  concave  glasses  will  improve  tiie  distant  vision.  The  one 
which  corresponds  with  the  far-point  of  the  eye,  is  the  one  that  will  give 
5/5,  and  will  allow  the  range  of  accommodation  to  approoch  (hat  of 
emmet  rojiia. 

In  arlvanced  casea,  the  retinol  vessels  appear  dragged,  being  slraighter 
in  their  course.  The  main  trunks  diverge  more  at  right  angles.  VVhen 
the  direct  method  of  ophthalmoscopic  examination  is  used,  not  only  are 
the  appearances  of  the  fundus  oculi  made  visible,  by  that  concave'  lens 
which  allows  a  distinct  image  of  the  macula,  or  the  region  between  it 
and  the  disk,  hut  an  appro.ximate  measure  of  any  needed  correcling-glass 
is  obtained. 

Spasm  of  the  accommodation  in  hypermetropic  eyes  gives  transient 
symptomatic  myopia.  The  diagnosis  between  it  and  true  myopia  is  evi- 
dent from  the  peculiarities  of  the  ruge  of  accommodation,  anil  from  the 
fact  that  no  concave  glass  gives  full  acuity  of  vision  for  any  length  of 
time  in  Ebe  former.     Further,  in  the  functional  variety,  there  is  a  dis- 


>portion  between  the  glass  chosen  nnd  tliat  with  which  the  eyo-ground 
can  be  best  seen.  In  cases  of  doubt,  a  few  ilrops  of  any  of  the  stronger 
tnyib-iatics  will  soon  unmask  any  spHJuni.  The  siuiulation  of  myopia  DV 
sotuv  |Miiiont«  with  hjali  dt-grces  of  hypermetropic,  who  hoM  their  work 
t^jj^  to  their  eyctt,  m  a»  to  obtain  hirge.  although  blurred,  images,  can 
be  detected  by  the  improvement  of  vision  by  convex  glneses,  and  the 
infomialion  obtained  by  the  use  of  the  ophthatmoftcope. 

The  vision  of  myopea  oflers  some  peculiarities.  Owing  to  tlie  fact  that 
the  eye  has  a  finite  fur-point,  objects  which  are  more  liisiant  arc  seen 
througli  circles  of  dilTuHion,  which  are  all  the  more  nntioying,  be<Taut;e 
the  papil  is  generaUy  brge.    Points  of  light,  such  as  the  larger  stars  and 

{ilanets  and  tbe  moon,  apptiur  as  irregular  shining  disks,  which  are  much 
arger  in  diameter  than  they  are  to  the  normal  eye.  Those  optical 
dmcts  are,  to  some  extent,  reme^lied  by  :i  |)urtial  closure  of  the  lids. 
This  not  only  allows  the  lids  to  act  a»  steiiopxMC  slits,  thus  permitting  a 
dimlnation  of  the  circles  of  difTosion  by  allowing  entranci^  ut  the  more 
central  rays  alone,  hut  may  cause  some  flatteninL'  of  the  cornea  or  pro- 
duce a  diminution  of  the  antoro-poatcrior  axis  of  the  eye,  by  their  tem- 
porary pressure  upon  the  globe.  Upon  account  of  the  horizontal  position 
of  the  palpebral  fissure,  the  diameter  of  the  circles  of  diQusion  is  most 
diminished  in  tlie  vertitral  direction,  thii^  rotidertrig  liorizontal  lioes 
more  plainly  visible.  The  cilia,  however,  act  to  ftftme  extent  as  vertical 
linear  objects,  and  give  rise  to  duplication  of  lines  in  the  same  direction. 
This  closure  of  the  eyelids  is  a  striking  peculiarity  in  the  physiognomy 
of  myopes  who  either  do  not  wear  cor  reeling- glaep<s,  or  whose  correc- 
tions are  inadequate. 

Inasmuch  b»,  with  an  equal  tension  on  the  accommodation,  myopes  are 
able  to  hold  objects  nearer  than  emmelrupeH.  they  hoc  them  under  a 
larger  angle  of  vision,  and  consequently,  such  objects  appear  of  larger  size. 
Moderate  degrees  of  myopia,  therefore,  give  their  possessora  some  ad- 
vantages for  near  vision.  Again,  owing  to  the  range  of  accommodation 
being  situated  near  the  eye,  myopes  can  read  longt-r  without  the  aid  of 

§la»ee  when  they  become  pruHbyopic.  In  some  fortunate  coses,  where 
icy  have  a  far-point  of  from  eight  to  twelve  inches,  they  are  able  to 
dispense  with  glasses.  Failing  accommodatioTi.  however,  deprives  them 
of  the  power  of  approaclting  their  work  any  nearer  lo  the  eye  than  the 
far-point.  In  this  respect,  their  vision  is  like  that  of  the  presbyopic 
normal  eye  armed  with  a  strong  glass,  where  there  is  but  little  deviation 
from  the  artificial  far-point  given  by  the  glasses.  Inasmuch  as  some 
grades  of  myopia  do  not  ut^ed  presbyopic  spectacles  until  Hate  in  life, 
while  others  never  retiuire  any,  a  widely  disecminateil  popular  impression 
exists  that  myopes  have  strong  eye.'*  This  beliL-f  has  been  strengthened 
by  the  fact  that  upon  account  of  the  narrowing  of  the  pupil  which  ap- 

Sears  with  old  nge  (with  consequent  diminution  of  circles  of  diffusion), 
istant  vision  may,  to  some  extent,  be  even  iii)prove<l. 
FrotD  the  foregoing  description  of  the  anatomy  and  ophthnlmosoopio 
appearance  of  xoyopic  eyes,  it  will  be  seen  that  Uondera's  stntement, 
that  "  the  myopic  eye  is  a  tiick  eye/*'  ia  correct ;  and,  notwithstanding 
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the  advantages  enjoyed  in  old  aj;e  by  near-sighted  eyes  of  »  BHdion 
grade,  t\iti  fact  remains,  ilmt  where  the  condition  is  pmgressi^'e  atul  is  <i( 
iiigb  gpi<ie,  there  ia  aerioua  impuinit'^nt  of  vi.xiou  luter  in  life.  In  thi 
hivter  grades,  this  ivinHiBtu  in  increni^ing  mvoileHOpia,  iind  in  sach  cbtiMs 
in  the  vitreous  and  the  lens  as  tend  to  impntr  the  nutrition  of  tlie  lattci 
and  &vor  tlje  production  of  catAroct.  In  the  graver  forms,  there  is  not 
only  local  atropliy  round  the  disk,  causing  an  increase  of  Marioite'i  ipot 
ill  t))e  field  of  vision,  but  also  such  changes  in  llie  epithelial  layeriuvill 
aflect  the  fitnction  of  the  rods  and  cones.  Monxtver^  l<iral  atrophiee  is 
the  deeper  layers  of  the  retina,  especially  in  the  r^ioa  of  the  luicaU 
lutea.  only  too  often  destroy  central  vision.  In  nich  canes,  the  chortoldil 
and  vitreous  changes  favor  the  occurrence  of  retinal  detachmeut,  wkiefc 
fretjuently  produces  a  loss  of  the  last  remnants  of  vision. 

Whilst  discussing  emmetropia  and  hypermeiropia,  it  has  been  staled 
that  the  eyes  are  usually  hypennoiropic  at  birth,  It  has  also  been  shovn 
that  the  eye  siarLiug  with  a  visual  a.Kis  of  frou]  seventeen  and  one-lialf 
to  nineteen  inilliinctcra,  increases  during  the  growth  of  the  body,  at  Icstt 
2.75  inilUmetert)  in  the  same  direction,  even  though  it  remains  with  ■ 
very  short  axis,  pnxlncing  a  high  hypennetropia  (H  =  1/4  to  1,2)— 
while  if  h  becomes  emmetropic,  the  growth  of  the  eyeball  must  be  eveii 
more  considernble.  In  that  portion  of  the  community  whose occupatioiu 
are  sedentary,  and  where  continued  near-work  is  involved,  manv  ptc- 
balls  can  he  noticed  which,  by  stretching,  have  aeauired  still  lirget 
diinensiona,  and  have  cxmsequently  hcconie  myopic.  On  inquiry,  it  vPI 
be  generally  found  that  there  ha.4  hoen  a  change  in  refraction,  wbicl 
occurred  in  childhood  or  youth.  Let  coninderation,  for  a  moment,  be 
taken  of  the  circntn stances  in  which  this  change  takes  place,  the  appea^ 
ances  of  the  interior  and  the  exterior  of  the  eye,  and  the  diswmforti 
occasioned  to  the  individual  in  whom  the  changes  are  in  progrHS. 
When  the  soft,  clastic,  and  bluish  sclerotic  of  the  young  is  looked  il, 
it  can  he  readily  perceivetl  how,  under  anv  soflening  influence,  it  wodd 
give  way  slowly  even  to  normal  intra-opular  prpjwnre. 

Transient  congestion  is  the  universal  law  of  physiological  activity.  H 
our  muscles  are  used,  more  blood  circulates  in  them,  and,  for  the  tiaie. 
they  become  tense  and  swollen.  If  convergence  and  accommodation  a 
aitempled^  more  blood  flows  into  the  acting  muscles.  Here  the  vsEcolir 
network  of  the  chorioid,  as  well  as  that  of  the  ciliary  mascic  and  dliarf 
processes,  occupy  more  space  and  transiently  raise  the  inlra-ocular  pM» 
ure ;  this  pressure  being  augmented  hy  the  tenfliuTi  of  the  stmigbt  ul 
ohiitjue  muscles  Jn  directing  the  visual  ix'is  inward  and  downward.  The 
retina  shares  in  the  general  excitement,  becoming  thicker  and  less  trtm- 
parent,  and  presenting  a  faint  pinkish  hue  in  its  thicker  parts,  tlia» 
causing  it  to  veil  the  upper  aud  lower  margins  of  the  ditsk.  The  «>lh 
of  the  larger  hloodveaacls  at  or  near  the  disk  beoomo  visible,  whilst  no- 
mei'ous  yellowish  or  silvery  reflexes  maybe  seen  in  various  parts  of  tbt 
eye-ground  near  the  smaller  vessels :  these  reflexes  being  probabl^v  du* 
either  to  a  similar  cause  or  to  an  infiltration  of  the  vascular  lynpti* 
sheaths.  The  condition  is  identical  with  that  which  baa  been  so  «(I1 
described  and  picMire<l  by  -laeger,  as  retinal  irritation.  Even  the  ddut 
sclerotic  coat  carries  more  blood,  and  its  lymph-«pacefl,  as  well  as  tlwst 
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of  the  cornea,  become  more  distended  by  serum.  In  healtbj  individuals 
who  have  sufficient  intervals  of  rcat  and  sleep,  the  bloodveaaela  contract, 
the  increased  exudation  of  serura  hecoines  absorhe"!,  and  the  eye  subeidea 
into  A  8t»te  of  quiescence.  If.  however,  the  period  of  work  be  ifio  pro- 
longe^l  or  be  too  often  repeated,  the  cnpiUnrips  and  lymph-spaces  remaltt 
dilate^l.  and  there  in  never  a  period  during  which  there  is  complete  con- 
traction and  rjuiet.  The  reflex-action  irhich  determines  a  normal  flow 
of  blood  to  the  eye  and  its  appendages,  becomes  disttirbed.  and  the  result 
it  a  oongestioD  of  Uie  eTelias  and  of  the  tiLrsal  and  bulbar  conjunctiveor 
locompanied  by  an  itching,  burning,  nnd  watering  of  the  eye,  with  a 
feelinff  of  "sandiness"  or  "sleepiness."  Whenever  the  exertion  is 
paabed  stil!  farther,  the  weary  tnuscle^  ache,  and  there  is  pain  in  and 
back  of  the  eye,  which  shoots  through  the  temples  and  the  forehead. 
Even  under  the  normal  intm-ocular  pressure,  frequent  repetitions  of 
this  process  cause  the  congested,  serum -in  filtrated,  and  softened  tissuea 
to  give  way.  This  yielding  generally  occurs  at  the  posterior  pole, 
where  the  sclerotic  is  best  supplied  with  blood,  and  where  it  is  weahened 
by  the  numerous  perforations  for  the  entrance  of  the  posterior  ciliary 
arteries  and  nerves.  A  gradual  lengthening  of  the  visual  axis  is  thus 
produced,  which  results  first  in  a  diminishing  hypermetropia,  ftnd 
finally  in  the  production  of  Increasing  myopia.  Any  constitutional 
dyscrasis  which  makes  the  circulation  sluggish  and  the  tisauca  less  tense 
and  resisting — ^notably  those  morbid  proccwefl  which  are  usually  grouped 
uuder  the  name  of  scrofula — greatly  augments  the  tendency  to  change. 
Feehlenefls  of  the  constitution  after  eruptive  and  continue^!  fevers,  often 
produces  the  same  change.  Any  continued  low-grade  inflammation  of 
the  chorioid,  may  lend  to  softening,  and  cause  the  eye  to  give  way  to 
normal  intm-ocular  pressure  on  the  slightest  attempt  at  near-work, 
thus  pruilucing  the  mvopia  which  is  iictvisionalEy  encountered  among 
unlettered  people,  Myopia  once  produced  during  adolescence,  may 
either  continue  progressive  or  come  to  a  standstill.  When  the  latter 
occurs,  it  is  apt  to  take  place  somewhere  between  the  ages  of  twenty  and 
twenty-6ve  years,  when  the  body  has  completed  its  development  and 
growth. 

Where  myopic  eves  have  become  stationary  in  their  refraction  and 
have  not  attained  a  high  degree  of  near-aightedness  during  their  youth, 
they  often  remain  comfortable  and  lapable  of  doing  much  hard  work. 
They  may  also  enjoy  the  advantage  of  not  having  to  resnrt  to  spectacles 
for  near-work  until  late  in  life,  and  perhaps,  if  the  far-point  lies  between 
twelve  and  eight  inches,  they  will  never  reriuire  them.  Where,  how- 
ever, the  myopia  has  attained  to  a  higher  gra(ie  in  youth,  or  where,  owing 
to  feebleness  and  overwork  in  adult  lifo,  unusual  strain  is  put  upon  the 
eyes,  it  m^y  graduallv  increase.  In  such  a  ease,  it  maybe  accompanied 
by  the  previously  described  changes  in  the  macular  region,  which  so 
often,  when  the  patient  is  about  fifty  years  of  age,  produce  a  central 
scotoma  which  renders  him  incapable  of  all  useful  work ;  and  indeed 
practically  blind.  In  many  cases,  the  failure  of  si^hc  is  so  great  that 
the  patient  am  with  difficulty  get  about.  Where  detachment  of  the 
Hina  sets  in.  the  condition  is  apt  to  result  in  bliiuluess. 

In  view  of  tlie  importance  which  the  subject  of  near-sightedness  has 
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assumed  in  modern  life,  where  ulmost  every  child  is  sent 
where  it  is  rare  to  encounter  unyonc  who  cannot  reud  and  write,  il  it 
worth  white  to  exnmiiie  somewhat  in  detail  the  writings  of  iboMwU 
in  varimis  countries  have  mude  the  iiverage  refraction  uf  the  huDnnert 
the  <iubJGCt  of  careful  ami  Uhoriouit  investigation.  Ja«ger,  in  1841, 
was  uiie  of  the  first  to  call  attention  to  this  matter,  and  Raodill,  il 
1888,  reported  one  ■liimdred  and  five  studies,  in  which  165,000  (IW.- 
384)  eyes  had  been  examined.  Of  these,  92,435  (58.8  per  cenL)  wot 
emmetropic,  82,341!  ( lt^.5  per  cent.)  wore  myopic,  and  36,f{47  (21.9  pa 
cent )  were  hypermetropic ;  while  4259  were  remarkably  afttigutadc  or 
amblyopic.  In  this  series,  it  must  be  remembered  that  in  many  vooii; 
ciu^efi,  royojiia  was  perliaps  only  apparent,  being  dne  to  spasm  of  attoo- 
modation,  while  the  sligbtly  greater  number  of  hypermecrope*  repn- 
senteii  only  manire^c  hypcrmetropia,  and  should  really  be  iticreBWa  br 
a  vast  number  of  those  apparently  emmetropic,  in  whom  a  hypeniietn}|ia 
was  rendered  latent  by  aceommodation.  As  will  be  seen  in  Uie  accuir 
panying  compilation  by  Hundall,  ilic  vast  majority  of  the  eyesof  tbt 
newborn  arv  Ityperuietropic : 
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In  considering  this  compilation,  the  extreme  difficulty  of  the  taik 
must  be  remembered  where  it  is  necessary  to  rely  absolutely  on  the 
ophthalmoscope  for  determination,  whilst  the  child  is  eonstuiUj  nov* 
iug  its  head  and  eyes.  In  fact,  absolute  accuracy  can  be  aitwDti 
only  by  a  thorough  abolition  of  accommodation  by  the  instJllatioD  of 
a  strong  mydriatic  in  the  eyes  of  both  the  examiner  and  the  examiuei 
Owing  to  a  want  of  attention  to  these  precautions,  it  is  probable  tl)*> 
the  above  statistics  contain  a  great  overstatement  of  the  Moouot  of 
myopia.  It  must  be  remembere*!,  however,  that  Jaeger  attribal«s  i^ 
prevalence  of  myopia  to  the  greater  curvature  of  the  lens  during  tbf 
first  two  days  of  life. 

As  to  the  average  refraction  of  the  human  eye  during  school-hfe. » 
very  different  picture  is  obttiined.  From  llie  numerous  examiaatiein 
made  on  this  subject,  the  author  has  selected  for  repro<luctton  tir* 
tables  by  different  writers,  as  giving  a  correct  view  of  some  of  the  bC^ 
an<l  most  careful  work  on  this  subject : 

In  two  (Figs.  240  and  24"),  the  relative  prupi>rtion  of  liyperffl"" 
tropia,  emmf^tropiii,  and  myopia  in  the  different  classes  is  giv<rn.  I" 
the  other  (Fig.  24b),  there  is  an  attempt  to  iodicate  the  tiiutib«r 
of  manifest    hypermeiropes.      The  results  agree,  in  so  br  as  ilrtj 
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tJvfly  little  variation  throucti  the  entire  period.  Id  all  three  diagrams, 
the  figures  on  the  left,  inaicato  the  porcontagea.  Tlifjse  at  the  foot  of 
the  vertical  linea,  ahow  either  the  class  or  age  of  the  pupila  cxatnined. 
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The  grades  and  the  3ge»  of  prim&ry  claasea  and  joimgest  scbolan  are  put 
on  the  lef^  ami  those  of  the  oldest  are  placed  ac  the  extreme  rj^ht.     Id 
Conrad's  lahle,  the  punctate  lines  mark  the  refraction-curve  as  indicate*! 
by  the  test-letters,  while  the  continuous  black  lines  show  the  deteniiina- 
tiona  by  the  ophthalmoscope.     The  two  sets  of  curves  are  almost  paralid 
ID  myopia,  but  their  great  variation  in  bypennetropia  and  emmetropiA, 
ahowR  how  readily  hyperuietropia  may  bo  uiaakod  by  the  accomnindatita. 
in  the  young.     In  the  atatiHticn  of  8ome  other  ob«tervcrs,  as,  for  iustonoev 
in  the  first  paper  of  Cohn,  and  in  that  of  Loring  and  Derbv.  enim*— 
tropin  is  found  taking  the  place  of  liyperuietropia.      This  difference  nf~ 
result  is  principally  apparent,  being  caused  by  allowing  a  pretty  widfr 
limit  for  the  term  '^cmmetropia,'  and  counting  all  who  have  gtMMl  dis- 
tant viaion  without  any  manifest  hypermetropia  in  this  class.     Risley~ 
has  given  two  interesting  tables.  One  (Fig.  249),  shows  the  relation  of  tii^ 
various  ntntm  of  refrnction  to  the  patlmlogical  chnngcH  of  the  ihterioroE" 
the  eye  as  seen  by  the  ophthalmoscope.    The  other  (F\g.  2.'>0),  givet^^H 
relation  between  the  refraction  of  the  eye.  asthenopia,  and   diminiMHV 
acuity  of  vtaion.  Among  the  pathological  conditions,  he  haa  included  alt^ 
grades  of  disturbance,  extending  from  retinal  irritation  to  neuro-retinitig^ 
choriotdilis,  und  cliorioidiil   atrophy.      The  upper  curve  of  Kig.  2-tfl^ 
shows  that  while  thirty-one  and  ninety-seven-hundrcdths  per  cent,  o^ 
emmetropic  eyes  are   aflected,  tlierc  is  a  rapid  rise   to  fifty  per  cent. 
for  hypermetropia,  and  toseventy-tive  per  cent,  for  hypermetropic  astig — 
matisni.     The  same  curve  iilso  shows  a  falling  to  seventy-four  per  cent. 
for  mixed  astigmatism,  to  eighty-one  per  cent,  for  myopia,  and  to  raebty- 
aeven  per  cent,   for  myopic  astigmatism.     Here  "the  fall  is  probablv 
due  to  the  giving  way  and  alteration  of  curvature  in  the  coniea,  whitJi 
to  some  extent  relieveji  the  tendency  to  distention  at  the  po«terior  pole. 
The  second  table  (I'^ig.  250),  which  exhibits  the  amount  of  asthenopia  in 
the  various  states  of  refraction,  shows  a  steady  rise  from  twenty-one  per 
cent,  in  emmetropia  to  seventy-four  per  cent  in  mixed  ustigmatism. 

It  having  been  demonstniied  that  myopia  is  produced  during  ado- 
lescence, and  i.<;  largely  increiwod  by  continuance  of  near-work,  and 
also  that  a  myopic  eye  is  a  "'sick"  eye,  the  question  arises,  VThit 
can  be  done  to  prevent  the  development  of  near-sightedness  ?  Tbe 
answer  is :  Firet..  to  keep  the  young  in  such  vigorous  henlth  that  their 
eye-tissues  will  be  in  a  condition  to  resist  any  reasonable  struin  pat 
upon  them  ;  seeondly,  to  put  the  eyes  under  the  most  favorable  circum- 
stances for  work ;  and,  thirdly,  to  dituiniab  the  amount  of  work,  or 
to  temporarily  stop  it  if  necessary.  As  regards  the  first  pniiwsi- 
tion,  we  mast  learn  not  to  attempt  to  exact  of  tiie  feeble,  scrofulous,  _ 
and  those  affected  by  chronic  disease,  the  tasks  that  may  lie  safely  ■ 
demanded  from  the  vigorous  and  healthy.  We  should  take  care  never 
to  require  the  full  auiounl  of  scboul-work  from  a  child  immedintely 
aAer  recovery  from  measles,  scarlet  fever,  diphtheria,  or  other  exhau!>t- 
ing  acute  di«ease.     Better,  that  six  months  of  schooling  should  be 

■  Dr.  KliUtT  iDlbriDf  ib«anUiorilut  Uita  porcanteM  1«  hlchcr  ihui  (bii  ibnirn  t>T  bUaiili^ 
uiiecit  lnT(Mtlg>tlo1I^  favcnuw  [n  thli  ■erica  in  one  cIom  in  a  dark  ■clHul-mND,  vtcrf  oat  «t  ibt 
tftfftiiy  ctiiMmn  had  Rtlnal  irriuclon.    In  Uieae  UMee,  UAa.  b  »qaii-al«al  lo  Amof  IMgiden:, 
BA>  io  Ab;  and  Mx  Ui  Ahm  and  Amb. 
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lo«t  and  the  child  set  back  to  a  tower  c1as»,  than  that  he  should  be 
enoouraged  to  work  until  his  e^es  have  entered  upon  the  duirii  grade 
of  dimintshing  hypennetropia,  or  the  still  steeper  decline  of  increasing 
myopia.  Good  food,  fresh  air,  and  exercise,  with  attention  to  the 
functions  of  llie  shin,  the  digestive  orjjanB,  and  the  alinieniary  canal, 
^ould  be  insisted  on ;  while,  in  addition,  iron,  quinine,  und  cod-liver 
oil,  should  be  freely  mlminlBtered  to  the  feeble.  As  regards  llie  second 
proposition,  the  qnestton  is  a  much  more  complicated  one,  and  it  is 
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often  ont  of  our  power  to  do  much  to  improve  (he  faulty  hygienic  con- 
ditioD^  under  which  sueh  young  eyes  are  doomed  to  labor.  The  school- 
room should  bo  woti  lighted  and  properly  ventilated,  and  there  should 
be  Bome  arrangement  of  the  studies  that  will  permit  tlie  taitks  to  be 
frequently  inlemipted  hy  short  intervals  of  rest,  ao  that  the  eyes,  after 
accommodation  for  reading  or  writing,  isbull  be  tested  by  relaxation  of 
the  ciliary  muscles  and  the  interni  by  looking  at  some  distant  object, 
such  as  a  blackboard  or  a  chart  in  the  lecture-room.  As  a  general 
rule,  a  school-room  cannot  have  too  much  light,  because,  where  it  is 
excessive  or  fnlk  in  undesirable  directions,  it  can  be  readily  moderated 
and  controlled  by  suitable  window -shades,  curtains,  and  screens.  If 
there  is  too  little  daylight,  it  is  not  possible  to  replace  it  advantageously 
by  any  known  moans  of  artificial  illumination.  Wherever  practicable, 
the  strongest  light  should  come  over  the  left  shoulder,  so  that  in  writing 
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the  shadow  of  the  hand  shall  not  be  in  the  way.  If  possible,  there 
should  always  be  windows  in  more  than  one  wall,  as,  otherwise,  the  side 
away  from  the  windows,  it'  the  room  be  a  Iiirge  one,  will  be  ittsuflicientlr 
illuminated.  When  there  is  a  choice,  the  best  Arrangement,  in  our 
climate,  is  a  room  with  the  mniu  light  comin;^  from  the  north,  and  with 
the  seats  made  to  face  properly-curtiiincd  windows  looking  cast.  A 
skylight  in  a  slanting  roof  which  faces  the  north,  also  uirnishes  i 
desirable  situation  for  the  entrance  of  light  into  a  echool-rooni.  If 
practicable,  side-windows  should  be  used  both  for  ventilation  and  for 
additional  light.  A  soutbcm  exposure  is  bright,  cheerful,  and  warm 
in  winter,  and  the  direct  sunlight  may,  with  care,  be  properly  screened 
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out*  but  the  room  is  apt  to  heeomc  intolerably  hot  in  summer.    In 
situations  not  shadowed  by  trees  or  by  other  houses,  one  square  foot  of 

flaM  to  every  five  stiuare  feet  of  floor-surface,  is  considernl  sufficient, 
liis  is  a  good  general  proportion  for  construction.  In  buildings  already 
occupied  as  schools,  perhaps  the  readiest  t«t  is  to  try  to  read  soiall 
print  in  Uie  darkest  comer  of  the  room  on  a  dark  day.  When  the 
light  is  insufficient,  we  can  utilize  it  to  the  best  advantage  by  coating 
the  walla  and  ceiling  of  the  room  with  some  dead-white  material.  When 
an  adjoining  house  comes  close  to  the  windows,  its  walls,  if  practicable, 
should  also  be  whitened.  When  artificial  tiglit  is  used,  it  should,  even 
if  it  he  electric,  be  placed  low  and  near  the  desk  or  table.  The  direct 
raya  sbonUl  be  excluded  from  the  eyes  by  means  of  porcelain  or  tin 
shades,  the  latter  being  painted  white  dd  the  inside.  With  feebler 
illumination,  kiicIi  as  that  prodaced  by  gas  or  by  the  higher  grades  of 
oil.  this  position  of  the  light  is  all  the  more  important.  One  student'*- 
lamp  for  every  two  pupils,  is  the  minimum  that  should  bo  allowed. 
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It  18  a  familUr  fact  that  in  order  to  read  even  coarse  print  in  twilight 
in  feeble  light,  M'e  are  obliged  to  hold  it  very  near  the  eyes,  thus 
obtaining  large  retinal  images.  At  the  same  time,  however,  it  is  nece«- 
fiary  to  strain  the  accommodation  and  convergence  in  order  to  see  such 
objects  sharply.  Stooping  over  work  causes  the  neck  to  be  bent  for- 
ward, which  interferes  with  the  return  circulnticm  through  the  jugulars, 
tbua  damming  up  the  blood  in  the  head,  eyes,  nnd  orbits;  this  tendency 
being  furtlier  aided  by  the  faulty  poinicioii  interfering  witli  (lie  full  uluy 
of  the  chest  and  the  proper  expansion  of  the  lungs.  It  is,  therefore, 
.Tery  important  that  the  height  of  the  seat  of  the  chair  should  be  so 
proportioneil  to  the  stature  of  the  individual  occupying  it,  that  his  feet 
shall  rest  firmly  either  on  the  floor  or  on  a  foot-stool ;  while  the  height 
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ot  the  desk-top,  which  should  be  sloping,  should  be  so  anuuged  that 
the  work  can  be  oomfortiihly  carried  on,  wliile  the  body  is  held  erect, 
and  the  print  or  writing  placed  at  a  suitahle  distance  from  the  eye. 
Figs.  351  and  252  show  how  badly  proportioned  school-furniture  will 
tend  to  Btrain  the  eve  by  necessitating  ita  too  near  approach  to  the 
work,  and  at  the  same  time  encounige  the  habit  of  leaning  on  the  desk, 
which  in  mme  instances,  e!t|)tH'inl1y  in  the  feeble  and  scrofulous,  will 
tend  to  produce  spinal  curvature.  Fig.  2o3  shows  a  very  ingenious 
head-rc«t,  devised  by  Kallmann,  so  constructed  as  to  prevent  the  pupil 
from  unduly  bending  the  head  forward,  and  to  compel  him  to  sit  straight. 
There  is  probablv,  however,  no  better  corrective  thau  the  careful  super- 
vision of  an  intelligent  teacher. 

The  print  of  all  school-hooks  should  he  Urge,  the  type  broad-fnccj, 
and  the  ink  black,  so  that  even  to  eyes  wiUi  slightly  diminished  acuity 
of  vision,  the  letters  will  be  readily  legible.  It  is  usually  out  of  our 
power  to  alter  or  abridge  tl»e  curriculum  ;  but  it  is  our  duty  to  protest 
against  the  modern  tendeacy  to  send  children  to  school  at  too  early  au 
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age  and  to  teach  them  too  many  branches,  thus  overburdening  llic  mind, 
and  unduly  taxing  and  distending  the  .sod  nyes  natural  to  tbi«  period 
of  development  and  growth.  Saitable  recesses  and  sufficient  exeroM 
in  the  fresh  air  during  daylight,  are  u.11- important,  and  ahoutd  be  iti- 
sistei!  upon. 

As  myopia  depends  on  the  lengthening  of  the  visual  axis,  we 
have  no  racons  of  radical  cure  at  our  command.  Our  first  en- 
deavor, therefore,  must  be  to  prevent  its  production  by  careful  altcD- 
tion  to  the  hygienic  rulen  abiwe  laid  down.  If  the  condition  beeoniM 
once  esuhlished.  we  should  endeavor  to  arrest  its  progreas  by  th*^ 
strictest  care  of  the  eyes,  which  should  be  cocstsntly  protected  by 
employment  of  proper  concave  glares,  so  as  to  render  any  ne 
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UM  more  comfortable  and  less  dangerous  to  the  patient.  In  the  selec- 
tion of  a  gloss  for  distant  vision,  and  still  more  so  of  one  for  habitual 
wear  or  for  reading,  great  care,  as  shown  on  pnge  269,  is  necessair. 
This  is  so.  inuuinuch  as  u  strong  glass  is  often  preferred  upon  account 
of  the  clear,  sharp-cut  images  it  gives  of  distant  objects,  and  the  im- 
provement oiF  vision  caused  by  the  diminution  of  the  circlejt  of  diffnsion, 
as  the  pupil  contracts  in  its  effort  to  ovsR-ome  sucb  an  improper  leu. 
Moreover,  in  inony  cases  of  progressive  myopia,  where  the  whole  in- 
terior of  ihe  eye  is  in  a  state  of  chronic  congestion,  there  is  sptism  of 
the  ciliary  muscle,  which  temporarily  increases  the  real  rcfmcLion  of 
the  eye,  and  gives  the  appearance  of  a  higher  degree  of  myopia. 

If  we  give  a  glass  in  the  slightest  degree  too  strong,  the  myopic  eye 
is  cons'crted  into  a  functionally  hypermetropic  one,  and  consequently  to 
get  clear  images  on  the  retina,  accommo<Ution  and  convergence  must  be 
unduly  strained.  In  testing  the  patient,  tiierefore.  across  the  room  with 
the  test-type,  as  shown  in  the  chapter  on  the  Determination  of  Errors 
of  Itefraction,  the  weakest  glass  which  will  give  good  vision,  should  b« 
selected.  Eren  then,  the  result  is  doubtful  unless  the  glaas  which  pro- 
dtices  this  Acuity,  corresponds  in  strength  with  the  distance  of  the  &r- 
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as  Uotcrtiiined  by  the  range  of  accomiiioiliiLiun  in  the  reading-teBt. 
As  explained  on  pages  240  to  24it.  such  examination  shoultl  be  con- 
trolled by  one  with  the  ophthalmoscope  used  as  an  optometer  for  the 
determination  of  the  refruction-error,  and  us  r  guide  to  the  condition  of 
the  media  and  the  funJus.  In  all  young  people  in  whom  the  accommo- 
dauou  is  still  active,  the  eye:*  shoulil  be  plaued  under  the  inlluence  of  a 
solution  of  tttropia,  duhoisia,  or  hyoscyamia  Riifficientlj  strong  to  prndiice 
absolute  lom  of  accommodation  power.  The  weakest  glass  which,  under 
these  circumstances,  gives  the  patient  good  vision,  should  be  the  one 
selected  for  use  during  the  correction  for  distance.  If  any  aatigmatism 
be  present,  it  should  also  ho  citrrocted.  In  cases  where  there  is  much 
reiinol  haze  and  clmrioidal  woolliness,  it  is  doubly  necessary  to  use 
mydriatics.  Here,  as  well  as  in  cases  with  spasms  of  accommodation, 
repeated  instillations  should  be  made  on  successive  days,  as  explained 
in  detail  on  page  263.  till  it  is  euro  that  the  eye  is  in  a  stale  of  rest. 
Under  this  treatment,  the  true  r(?fractioii  of  the  eye  is  not  only  ascer- 
tained, but  the  congestion  of  tlie  retina  and  chorioid  is  diminished.  A 
persistence  in  thip  method  of  treatment,  re-enforced  by  abstinence  from 
all  near-work,  will  often  resnlt  in  the  interior  of  the  eye  becoming  f|uiet 
and  lo!iing  all  signs  of  retinal  and  chorioidal  congestion.  Where  mydri- 
atics are  used,  the  eyes  should  be  protected  from  excessive  light  during 
the  entire  period  of  pupillary  dilatation,  by  smoked  glasses.  When  by 
repeated  testing,  the  lens  which  makeit  parallel  rays  sufficiently  diver- 

■  gent  CO  appear  to  come  from  the  far-point  in  found,  the  full  correction 
Bas  been  ascertained. 
The  full  correction  thus  determined,  the  question  arises,  How  shall 
the  patient  be  allowed  to  use  it?  In  many  cases,  where  the  myopia  is 
slight.  08.  for  example,  where  it  variety  from  oue-fourth  to  three-fourths 
of  a  diopter,  ho  will  not,  an  a  rule,  wish  In  wear  the  glass  habitually.  In 
»ach  instances,  the  patient  may  safely  be  allowed  to  wear  it  as  a  lurgnette, 
or  eje-glaas.  on  any  occasion  when  it  Is  desirable  to  see  distaiit  ohjeci», 
ind  ttt  read  and  write  without  it  if  there  he  no  astigmatism.  In 
myopia  ranging  from  one  to  three  diopters,  the  patient,  if  he  be  young, 
the  acuity  of  vision  be  perfect,  the  range  of  uccommodotion  suitahTe 
to  his  age,  and  the  balance  of  the  external  eye-muscles  good,  may  be 
allowed  to  convert  his  eye  into  an  dptically  emmetropic  une,  by  wear- 
ing his  correcting-glass  habitually,  both  for  near-work  and  for  dis- 
tance. When  the  patient  is  older  and  the  grade  of  myopia  is  from 
two  to  four  diopters,  it  is  generally  best  to  let  him  use  his  full  cor- 
rection for  distance,  and  to  read  uucorrected  at  his  far-point.  Where 
tliere  is  insulhcieney  of  the  internal  recti,  the  use  nf  prisms  with 
their  bases  inward  to  diminish  the  strain  on  ermvergcncc,  is  often  ad- 
visable. If  the  occupation  of  the  patient  makes  it  necessary  for  him 
to  see  distinctly  near  objects  lying  somewhat  farther  off  than  hifl  iincor- 
rected  far-point,  a  partial  correction  should  be  given  to  enable  him  to 
do  this.  For  example,  if  a  myopo  of  three  dioptci-s  finds  it  necessary 
to  read  music-notes  at  twentv-four  inches,  he  should  be  provided  with  a 

tglaes  of  — 1.50  D,  for  that  purpose.  Myopes  uf  higher  degrees  than  four 
aiopu>rs,  are  almost  always  better  olT  for  having  a  corrociiim  both  for  near- 
work  and  for  distance,  even  though  they  are  subjected  to  theinconvcniMice 
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either  of  carrying  two  pairs  of  ^Mfstftcles  or  of  wmrin^  split  or  bi-ro- 
glares.    Tn  t!ie««  caseii.  the  gln»s  for  ne&r-work  is  rtetcmiined  bj  findin 
the  (tiftaiicc  at  which  ilie  work  h  Co  he  done,  and  suhcracUiig  a  or 
sponding  number  of  diopters  iVom   the  strength  of  the  diatance-glft^** 
For  instance,  if  a  myope  of  ^m.v.  diopters  desires  to  read  at  twel*^ 
incfaeB,  a  glaaa  of  ^3. 1).  may  be  given.    If  his  work  be  at  eighteen 
inches,  a  glats  of  —4.  D.  should  be  employed.     Many  myopes  of  high 
grade  who  deairc  to  avoid  the  necessity  ofcontinuully  chauging  glasflcff, 
prefer  to  wear  their  road ing-g] asses  hahituitlly,  becoming  accustomed  to 
ihe  leHSened  degree  of  haziness  of  objects  beyond  their  readiog-distanc* 
as  compared  with  that  produced  by  their  unassisted  eye.     Sach  patienB 
maybe  permitted  to  do  this  without  harm  to  their  eye8,a«  they  thus  to 
some  extent,  avoid  the  serious  inconveniences  of  great  reduction  of  the 
size  of  the  imngM  produced  by  strong  lenses,  and  the  distortion  of 
objects  arising  from  prismatic  action  of  such  lenses  na  soon  as  their 
optical  centres  cease  to  he  looVeil  thniugh. 

InsufRciency  of  the  intenii  in  myopia  is  often  a  cause  of  asthenopia. 
This  is  in  measure  due  to  the  elongation  of  the  eyeball  and  its  coiu»- 
ijuent  greater  prominence  in  the  orbit,  making  it  harder  for  the  straight 
muscles  to  tuove  the  globe.  Further,  as  the  far-point  lies  close  to  the 
eye.  the  iulerni  are  obliged  to  work  harder  to  converge  the  visual  axes 
sufficiently  to  obtain  binocnlar  fixntion.  Moreover,  as  such  eyes  8« 
distinctly  at  their  fur-points  without-  accommodation,  the  internal  recti 
muHclea  are  deprived  of  the  aiil  which  is  usually  aflbrdod  by  the  fumnl- 
taneous  innervation  of  the  ciliary  mtwcle.  There  is,  therefore,  a  decided 
tendency  to  divergence  and  divergent  strabismus.  In  marked  cnaes  of 
insufficiency,  crossed  double  images  for  both  ueiir  and  distance  are  found 
when  vertical  diplopia  is  proiluct^d  by  a  prism.  Wlicri  the  insuBiciency 
for  <lifltance  amounts  to  ten  nr  twelve  degreew,  and  that  for  reading  di«- 
tance  to  a  correspondingly  larger  amount,  great  relief  of  the  aalhenopa 
is  ollen  obtained  by  dividing  one  or,  if  necessary,  both  of  the  extemi. 
The  division  of  the  externi  was  supposed,  by  Graefe,  to  be  a  means  of 
stopping  progressive  myopia.  Apparently  it  sometimes  aacceeds.  but  it 
often  fails  to  produce  this  result.  Lesser  degrees  of  insufficiency  are 
freijiiently  satiefHCiorily  remedied  by  decentring  the  glasses,  so  that 
their  cetitres  nhall  Ih>  further  apart  limn  the  centres  of  the  pupils :  the 
action  of  a  prtsm  with  its  base  inward  being  thus  pi-actically  obtained.  In 
many  cases  of  bigh  myopia,  especially  where  there  is  marked  diminatioD 
of  the  acuity  of  vision,  it  is  best  for  the  patient  to  relin<piish  all  attempts 
at  binocular  vision  with  reAding-;;ta$seA,  nnd  to  use  the  eyes  alternately. 
High-grade  myopes  readily  accustom  themselves  to  this,  and,  availing 
themselves  of  their  tendency  to  divergence,  hold  the  book  toward  the 
side  of  the  better  ©ye,  thus  reailing  for  houni  without  diQictiUy  or  any 
strain  on  either  the  interni  or  ciliary  mu9cl(».  Of  course,  the  conaunt 
use  of  the  eyes  in  this  manner,  augments  the  tendency  to  divergent 
squint.  High  myopes  should  avoid  all  excessive  physical  exertion,  as 
well  03  any  prolonged  stooping  or  straining,  because  such  procedures 
Sush  and  congest  the  eye,  and  thus  augment  intra-ocular  pressure  and 
tend  to  produce  retinal  detachment  in  predisposed  eyes.  The  conges- 
tion of  myopic  eyes  oflen  causes  a  most  unpleasant  feeling  of  tension 
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*n(l  burning.  This  may  be  much  relieved  by  washing  the  Vids  with  hot 
waifr  freely  several  times  ilaity.  The  ciremation  in  the  orbit  anil  the 
■Titerior  portion  of  the  eyeball  is  thus  stimulated,  ami  any  local  conges- 
tioQ  18  relieved. 
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In  the  chapter  on  Physialogical  Optics,  wo  have  seen  that  if  an  em- 
metropic eye  be  tnken  as  reprujientingthe  optical  normal  standat-d,  there 
are  but  two  vartationa  from  this  ideate  of  refraction.  One  is  where  the 
principal  focus  fall*  in  front  of  the  retina,  and  the  other  is  where  the 
cone  of  rays,  if  continued,  would  come  to  a  focus  behind  tine  retina.  If 
lUentiun  be  turned  to  the  defects  of  the  lenses  of  tlie  eye,  we  find  lliat 
there  are,  as  described  on  page  151 :  1,  spherical  aberration  ;  2.  chro- 
matic aberration:  and  8,  irregularity  of  radius  of  curvature.  Either 
df  the  last  two,  13  of  such  a  nature  that  homocentric  light  falling  on  the 
lend,  no  longer  remains  houioceutric.  Instead  of  all  the  rays  being  again 
gathered  to  a  single  focus,  the  leni^  has  two  prinripal  foci,  one  for  the 
more  bent,  and  the  other  for  the  less  bent  rnys.  This  condition  may 
also  be  produced  by  a  want  of  the  proper  relative  positions  of  the  optical 
centres  of  the  combined  lenses  of  the  eye.  Whewell  designated  these 
effects  as  attii^mittum,  to  express  the  fact  that  homocentric  light  13  not 
gathered  to  a  central  point  or  focus. 

The  first  variety,  in  which  there  is  unequal  curvature  in  any  one 
meridian,  i»  called  irrej/ular  a»tigrntttism.     It  ia  probably  universal  in 

■  the  human  eye.  causing  points  or  disks  of  light  to  appear  to  have  irteg- 
alar  projections  from  them ;  in  a  word,  to  look  *'  etarshaped."  '*  Stars, ' 
therefore.  In  all  languages,  have  appellations  of  synonymous  meaning, 
showing  the  universality  of  the  optical  defect.  Careful  ophthalmo- 
metric  meaimremeiitH  have  deiiimifilnited  that  the  seat  of  this  variety  uf 
asttgmatiRm  is  n^nally  in  the  lenii.  ^Vhen  it  in  in  the  cornea,  it  '\n  gen- 
erally the  result  either  of  irregular  contraction  of  cicatrization  from 
I  previous  ulceration,  or  of  softening  and  stretching  frotn  some  patholog- 
ical process,  such  as  conical  cornea. 
Where  there  is  a  difference  in  the  curvature  nf  different  meridians, 
there  ia  remtlar  attu/mati^tn.  This  h  usually  due  to  asymractry  of  the 
cornea.  It  is  present  in  all  eyeif.  Although  there  may  be  a  variation 
of  half  a  millimeter  in  the  radiun  of  curvature  of  difterent  meridians, 
nevertheless  there  still  may  be  normal  acuity  of  vision  (S/iJ).  In  con- 
sequence of  this,  Donders  reckoned  even  eyes  with  an  astigmatitim 
varying  from  j\n  to  ^'^  as  normal;  giving  the  following  variiitiuns 
ru  oonsiatent  with  eminetropia:  radius  at  105°,  7.36  millimeters; 
at  13%  8.28  millimeters;  at  Wr\  7.43  millimeters  ;  at  l^O",  HMS  milli- 
meters; at  75°,  7.fi2  miHiracteriii;  and  at  165'*,  ft.  1 7  millimeters. 

Later  experience,  however,  has  proven  that  altliougli  under  thin  defini- 
tion many  aetbenopic  cases  would  be  classed  with  eminetropia,  yet  the 
asthenopic  symptoms  are  relieved  by  correction  of  astigmatism  of  j\j 
(0.25  IX),  or  of  yj  (0,50  D.);  such  corrections  often  increasing  vision 
to  5/4  or  5/11. 

Vfhen  even  emmetropic  eyes  are  carefully  examitiod,  it  will  be  found 
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tliat  the  vertical  moriiHan  is  usually  more  slmrply  curved  than  the  hori- 
zontal, and  that  therefore  fi.ne  vertical  and  Bne  horizontal  lines  are  not 
seen  sharply  at  the  same  distance.  It  will  also  be  found  that  in  the  in- 
mensc  majority  of  eyes,  horizontal  lines  must  be  approached  more  closely 
tliaii  vertical  onei^,  in  order  tu  be  seen  with  equal  distinctness.  A.  point 
uf  tight  outside  of  the  range  of  lUt^tinct  vision,  ia  seen  aa  a  vertical  oval. 
while  if  situated  inside  of  it,  the  horizontal  diameter  is  the  longer.  Kays 
of  light  striking  an  astigmatic  lens  will  be  most  aharply  bent  by  the  most 
curved  meridian,  and  will  conic  to  a  focus  nearer  the  lens  than  the  rays 
which  ptt88  through  the  meridians  of  less  curvature.  If.  therefore,  i 
cone  of  homoccntric  light  bo  thrown  throtigh  such  an  astigmatic  leas 
(arranged,  as  usually  the  human  eye  is,  with  iu  most  curved  meridian 
vertieu),  and  a  ground-glass  screen  be  brought  close  behind  it  aod 
gradually  removed  from  it,  we  shnll,  as  expliiineil  on  page  152,  have  a 
horixontal  oval,  then  a  bonaoDtal  line  of  light,  followed  by  a  circle  and 
a  vertical  line  of  light ;  the  interval  between  the  two  foci  being  known 
as  Sturm'ufoca!  int^'n'id. 

It  is  thus  evident  that  the  ineiiuality  of  meridians  producing  astig- 
matism, may  take  place  either  in  H  functionally  emmetropic  eye  or  in 
a  bypeimetropic  or  a  myopic  one-  In  the  first  form,  one  meridian 
will  be  emmetropic  and  one  nmotropic,  the  latter  being  either  too 
much  or  too  little  curved;  thiit  is,  it  may  be  either  myopic  or  hyper- 
metropic. If  the  aiuetropic  mfridian  be  hypermetropic,  a  convex 
cylindrical  lens  with  its  uxis  made  ]i.ii-allel  to  the  emmotropic  meridian 
and  its  curve  flituated  in  the  hypermetropic  meridian,  will  correct  the 
defect.  If  the  ametropic  meridian  be  myopic,  a  concave  cylinder  with 
its  axis  parallel  to  the  einmctropic  meridian  and  its  curve  in  the  myopic 
meridian,  will  be  required.  When  astij^matiani  occurs  in  hypermetropia 
or  in  myopia,  the  least  defective  meridian  may  be  made  emmeln^pic  by 
a  proper  convex  f»r  concave  spherical  glass,  wliile  tlie  difference  between 
its  curvature  and  the  curvature  uf  the  most  iimetropic  meridian,  may  be 
corrected  by  the  addition  of  a  cylinder  that  is  equal  to  the  difference  be- 
tween these  two  curvatures.  The  ellipses  of  diffusion  may  thus  be  gotten 
rid  of.  and  the  homocentric  light  gathered  to  a  single  focus.  When  one 
meridian  is  hypermetropic  and  the  other  is  myopic,  crossed  cylindrical 
lenses,  the  axifc  of  the  convex  cylinder  being  parallel  to  the  myopic  meri-" 
dian  and  the  axis  of  the  concave  cylinder  parallel  to  the  hypermetropic 
meridian,  will  correct  the  astigmatism  and  bring  the  rays  to  a  focus  on 
the  retina.  The  defect  may  also  be  corrected  by  a  combination  of  n 
spherical  and  a  cylindrical  glass.  To  do  this,  a  concave  apberical  of 
sufficient  power  to  correct  the  myopic  meridian  can  be  selected,  and  a 
convex  cylinder  of  a  strength  equal  to  the  corrective  lenses  of  both 
meridians  added  together  to  it,  can  be  added,  or  a  convex  spherical  to 
correct  the  liypomieiropic  meridian,  to  which  a  concave  cylinder  equal 
to  the  combined  refractive  power  of  the  two  meridians  is  added,  can  be 
employed.  Where  one  meridian  is  emmetropic  and  the  other  is  either 
myopic  or  hy|»ermelr<)pic,  the  condition  is  termed  simple  myopic  attig- 
matitm  or  gimph  hypermetropic  aatigmaUam-  MTien  both  meridians 
present  the  same  kind  of  ametropia,  varying  only  in  degree,  it  is  desig- 
nated either  as  compound  myopic   a»tiifmati»tti  or  compound  h^per- 
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me&opie  attiifimitwn.     When  one  mcrklian  is  myopic  and  ibe  otber  is 
hypermetropic,  the  condition  is  called  miretf  astigmatism.. 

liaving  stadied  the  ellipse«  of  diffusion  produced  in  astigmatic  eyes. 
their  effect  on  vi^on  of  liorizont«l  and  vertiwil  lines,  can  be  considered. 
To  sec  a  horizontal  line  clearly,  every  ray  of  light  pHSAing  through  tlio 
vertical  meridian  of  the  eye,  must  come  sharply  to  a  focus  in  ita  retinal 
image,  while  the  ovals  of  diffusion  pacing  through  the  horizontal  ineri- 
iliaa,  wiil  blur  the  image  but  little,  because  iu  this  direction,  the  ovals 
lap  one  another  and  are  lost  in  the  Line  of  light.  To  see  a  vertical  lioe 
distinctly,  every  ray  coming  through  the  horizontal  meridian  of  the  lens 
most  focus  sharply,  and  the  overlapping  of  the  vertical  diffusion -ovals 
coming  through  the  vertical  meridian  is  lost  in  the  continuous  light-line 
of  the  horizontal  rays.  W©  have  seen  that  in  the  vast  majority  of 
human  astigiuatic  eyes,  the  strongest  refracting  meridian  is  vertical,  and 
that  the  rays  in  this  meridian  form  a  horizontal  linear  focus  in  front  of 
the  focal  point  of  their  fellows,  while  farther  back,  after  their  crossing 
and  divergence,  8  vertical  line  of  light  from  the  lees  bent  rays  in  the  hori- 
lontal  meridian  is  obtained.  Therefore,  in  every  hypermetropic  eye  in  ^ 
a  state  of  accomniodativo  relaxation,  distant  horizontal  lines  will  be  — ■ 
seen  more  aharply  than  vertical  ones,  while  in  the  passive  myopic  eye,  jW 
vertical  lines  will  be  seen  more  distjuctly  than  the  horizontal  ones.  | 
Where,  by  strain  of  accommodation,  the  hyncrmetponic  eye  makes  itself 
emmetropic,  the  vertical  lines  will  be  seen  the  most  distinctly.  As  has 
been  explained  in  speaking  of  the  lines,  distant  points  of  light  will, 
where  the  mo«t  strongly  refracting  mcridinn  is  vertical,  appear  vertical- 
oval  in  myopic  and  emmeirnpic  t>yeK.  and  horizonlat-oval  in  hyperme- 
tropic eyes,  in  a  state  of  rest.  On  the»e  two  facts,  depend  most  of  our 
tests  for  the  presence  of  astigmatism. 

The  ellipses  of  diffusion  produce  the  appearance  of  distortion  and 
blurring  of  print  to  astigmatic  eyes.  As  it  is  impossible  for  such  eyes 
to  see  simultaneously  the  strokes  of  letters  which  arc  at  right  angles  to 
one  unotlicr  with  absolute  ahurpncBs.  the  astigmatic  iniHvidual,  therefore, 
makes  charactvristic  errors  in  reading  the  Snellen  test-card,  mialnking 
C  for  0,  O  for  Q,  F  for  P.  7.  for  K,  B  for  K,  etc.  The  blurring  of  the 
image  also  greatly  diminishes  the  range  over  which  the  patient  can  read 
small  type.  In  many  cases,  the  object  can  be  deciphered  only  at  some 
one  distance  where,  by  straining  the  accommodation  to  the  utmost,  a  large 
retinal  image  is  obtnined,  and  by  diminishing  the  size  of  the  pupil,  the 
ellipses  of  diffusion  are  lessened.  This  combined  intra-ocular  muscle* 
effort  may  cau.'ie  symptomatic  conjunctivitw,  redness  of  the  lids,  conges- 
tion of  the  interior  of  the  eye.  h  feeling  of  weariness  and  sleepiness,  and. 
finally,  pain  in  the  eye,  in  the  temple,  and  in  tlie  forehead,  which,  at  times, 
shoots  into  the  back  of  the  head.  Such  cases,  besides  making  charac- 
teristic mistakes  in  naming  letters  of  Snellen's  five  or  six  meter  table, 
assert,  that  certain  radiating  lines  in  some  one  of  the  astigmatic  charts, 
hang  at  the  same  disUince,  are  the  most  plainly  seen.  If  a  stenopeic 
slit  of  one-half  millimeter  in  width  be  placed  before  ihe  eye  so  that  the 
opening  shall  be  parallel  to  the  line  best  seen  on  the  dial-plate,  and  if 
attention  be  directed  to  the  letters,  the  visual  acuity  will  be  found  to  be 
leas  with  the  slit  so  situated,  than  it  would  be  were  the  slit  placed  at 
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right  angles  to  t)iis  direction.  Tf  the  pntient  in  ndvanccd  id  life,  or  if 
bU  accommodatioD  be  parnlyzed  h,v  n  strong  mydri&tic,  the  gla«»  which 
brin^  vieion  to  the  iiormnl  etanilard  for  each  meridisD  can  he  found  ; 
the  difference  between  the  glasses  cliosen  in  the  two  meridians,  giving 
the  asiignmtisni.  If  the  eye  is  not  myopic,  ii  can  be  made  so  by  ■  cou- 
rex  gln.^1,  and  the  foregoing  method  of  examination  can  be  repeated  at 
any  artificial  far-point  desired,  by  causing  the  eye  to  look  at  finer  radiating 
lines  or  to  gaze  at  parallel  fine-drawn  wires.  By  using  the  radiating  lines 
constructed  for  testing  at  five  or  six  meters' distance,  wo  can  also  deter- 
mine what  spherical  lenses  make  the  lino  which  has  been  best  seen  by 
the  naked  eye,  sharpest,  and  what  one  bring!*  out  distinctly  the  line  at 
right  angles;  the  difference  giving  ttie  amount  of  astigmatism.  These 
findings  can  be  confirmed  by  correcting  the  general  ametropia,  and 
then  determining  what  cylinder  readers  the  line«t  all  equally  nhnrp. 

High  degrees  of  regular  and  irregular  astigmatism  can  he  recognized 
at  the  first  inspection  of  the  patient,  by  observing  the  imago  of  the 
window-bans  on  the  cornea,  or,  belter,  by  the  use  of  the  disk  of  Placido. 
These  tests,  uk  exj)lained  on  pages  238  and  254,  are  everywhere  acces- 
sible- In  the  latter  te^t,  if  the  cornea  is  astigmatic,  the  circles  appear 
as  ellipses  with  their  long  diameters  parallel  lo  the  least  curved  meridian. 
In  conical  cornea,  the  distortion  on  the  sides  of  the  cone  is  striking  and 
characteristic. 

The  ophthalmometer,  which  rendered  such  brilliant  services  to  the 
study  of  refi'action  in  the  hands  of  Dondent  and  Hclmholtz,  still  offers 
a  most  reliable  method  of  measuring  the  curves  of  tbe  cornea.  Of  late 
years,  Javal  and  Schiotz  have  invented  an  admirable  contrivance  {vui« 
p.  2otJ),  and  every  eye-surgeon  hojicd  to  find  in  the  use  of  this  instru- 
ment, uii  invaluable  aid  in  correcting  aathcnopic  cyca.  In  the  author's 
hands,  however,  the  results  obtaiiietf  by  it  have  usually  failed  to  agree 
accurately  with  those  arrived  at  by  tlie  use  of  tesi-lenses;  the  variation 
often  amounting  to  one-half  or  three-quarters  diopter,  and  at  time-S  even 
as  much  as  one  diopter.  J3uraett/  Dull  (of  i'aris),  and  Story'  hare  all 
published  detailed  accounts  of  the  use  of  the  instrument  in  considerable 
numbers  of  ctises,  and  unite  in  sdmitting  these  discrepancies,  although 
they  consider  it  a  valuable  method  of  controlling  the  results  arrived 
at  in  other  ways.  Of  course,  part  of  these  discrepancies  may  be  clue  to 
an  irregularity  in  the  curvature  of  lens,  or  an  obliquity  in  its  position. 
which  may  either  increase  or  dimitiish  tlie  toUil  astigmatism  of  tbe  eye. 
It  is  prohabic,  however,  that  at  least  part  of  the  discrepancy  is  dependent 
upon  inlierentdefecl^in  the  instrument  itself.  ThusOswalt'clainis  that, 
owing  to  tbe  manner  of  its  conatmction,  the  results  obtained  by  ic  are 
necessarily  erroneous,  and  that  the  real  corneal  astigmatltm  amounts 
always  only  vt  three-fourths  of  that  indicateil  by  the  instrument.  He 
further  states,  that  the  ophthalmometer  of  Leroy  and  Dubois  afTordg 
much  more  accurate  results.  With  this  instrument,  however,  the  author 
has  not  had  any  experience. 

The  appeiirances  of  the  corneal  images  of  Placido's  disk  when  used 
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in  ft  cue  of  conical  cornea.  At  times,  as  spoken  of  oo  page  2S9.  the 
knowle«lge  of  the  fwct  that  tili-iiig  of  strong  Bpherical  lenses  ■will  prodacB 
Hrtinciiil  H^tigitmtibm  may  be  tttteil  as  an  atiditional  diagnostic  meanfi.  bj 
etndjing  the  angles  at  wnicli  the  patient  has  bent  hi.t  spectaclc-fnunci  i| 
efforts  for  betterment  of  vision. 

iCvery  case  of  astigmatism  is  worth  correcting  when  it  gives  rise  to 
aetheuopia.  In  the  weak,  sickly,  and  neiirastlienic,  asthenopia  ie  pro- 
duced hy  dfigroca  uf  nattgmatiitin  which  would  pass  unnoticed  in  die 
henlthy  and  vigorous,  lii  such  caaw,  the  system  should  be  bnili  ip 
witli  appropriftte  food,  rest,  tonics,  exercise,  and  necesaary  work  uiatu 
bearable  by  the  correction  of  even  low  grades  of  the  afTectioD.  Higli 
grades  are  so  distressing  to  the  patient,  and  diminish  the  acuity  of 
of  vision  so  much,  that  they  compel  correction.  Lrncomplicated,  simple 
myopic  astigmalis'm  or  simple  hyperuielropic  astigmatism  is  corrected 
by  a  concave  or  convex  cylinder,  with  it«  axis  placed  at  rigbt  >ngIes_B 
the  faulty   meridian.      Cnmpnund   myopic  astigmntism    or  com 

bvpermetropic  astigmatism  is  ordinarily  corrected  by  a  plano-spb 

glass,  on  the  plane  side  of  which  is  ground  an  appropriate  cylinder. 
Mixed  astigmatism  may  be  corrected  by  crossed  cylinders,  one  of  which 
is  concave  and  the  other  convex ;  or.  if  preferred,  by  u  sphcro-cy Under 
lens  in  which  one  meridian  is  corrected  by  an  appropriate  spherical " 
and  the  one  at  right  angles  by  a  cylinder  which  munt  be  made 
ficieiitly  strong  to  overcome  the  additional  ametropia  artificially  produced 
in  this  meridian  by  the  employment  of  the  spherical  lens. 

As  the  astigmatism  produced  by  a  flattening  of  the  corneal  lisstw 
from  cicatrization  after  operation — ^for  instance,  cataraci-«K traction  lad 
irid'ectoiny — generally  takes  place  iu  the  meridian  at  rigbt  angles  to  th« 
direction  of  tTie  length  of  the  incision,  either  a  slight  antero-postertor 
tilting  of  the  spherical  lens  in  the  same  meridian,  or  an  addilional 
cylinder  with  its  axis  at  right  angles  to  the  meridian,  will  be  found  of 
greater  service  than  the  employment  of  the  ordinary  correcting  sphencsl 
lens  placod  in  its  usual  position.  Wlicn,  owing  to  presbyopia,  or  to  bigb 
degrees  of  myopia  or  hypcrniotropia,  wo  are  compelled  to  give  reading 
as  well  as  distance  glasses,  the  cylinder  should,  as  a  rule,  be  of  the  nme 
strength  and  be  placed  at  the  same  angle  in  each.  Sometimes,  however— 
as,  for  example^  in  compound  myopic  astigmatism  or  in  mixed  astij^ 
matism — it  is  desirable  to  correct  the  defect  by  increasing  the  refmclioB 
of  the  weakest  meridian.  To  do  this,  nn  approprinie  convex  cylimifc. 
with  its  axis  placed  parallel  to  the  most  curved  meri<lian,  should  beusoi. 
In  ordering  car  recti  ng-glasHcs,  it  must  be  remembered  that,  in  some 
cases,  owing  to  the  distortion  of  the  cornea,  the  visual  axis  in  readinz 
or  other  near-work,  passes  through  a  corneal  area  which  is  currea 
differently  from  that  which  is  encountered  in  the  primary  position  of 
the  eye,  and  that,  therefore,  the  correcting-cy Under  for  distance  will  no: 
always  bo  appropriate  in  the  reading-glasa. 
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l5  modern  ophthalmology,  tLe  woni  "cataract"  has  come  to  uieaa 
■m  opacity  of  tlie  letis.  b«iiig  applieJ  to  uuy  want  of  tntusparency, 
whether  partial  or  cnmpkic.  It  muv  he  CDiigfiiiUil.  or  it  miiy  occur  at 
any  time  during  tlie  life  of  tht-  iiKiividual.  It  is  often  prodac*^!  by 
wountifi  of  the  lens  or  of  it.s  ciipsuLe  (see  chapter  oti  Injuriefi  of  the 
Sye),  or  may  be  catise*!  by  any  iliseaac  of  the  eye  that  seriously  inler- 
feres  with  the  nutrition  of  the  lens.  The  most  common  form  of  uncom- 
plicated calamct  is  that  occurring  in  old  ape :  and  to  understanil  its 
pathology  it  is  necessary  to  consider  the  growth  of  the  lens.  At  birth 
this  organ  is  soft,  elastic,  anil  perfectly  transparent — so  tranttpareut, 
anil  M)  nearly  of  the  Hame  intlex  of  refraction  an  the  arjuetms  humor, 
that  in  chiMren,  it  is  often  difficult,  and  ^nmetimes  impo^ihle,  to 
demotistrate  it6  presence  by  means  of  oblii^ue  light.  In  the  adult,  the 
strintloD  of  the  cortical  substnnce  is  readily  visible,  anrl  in  middle  life 
the  nucleus  can  be  easily  recognized.  The  gradual  growth  and  harden* 
ing  of  the  nucleus  arc  accompanied  by  change  of  its  color,  causing  it 
to  appear  of  »  pale  straw-yellow  in  middle  life,  and  darker  as  ace 
idvancee.  The  layers  of  the  lens  adjoining  the  rincleus  gradualTy 
increase  in  darkness  and  hardness,  causing  a  corresponding  Iom  of 
etasticitv,  with  consequent  decrease  in  the  power  of  accommodation. 
When  the  normal  increase  of  the  nucleuer  at  the  expense  of  tlie  cortical 
substance  ceases,  the  fir^t  step  is  taken  toward  the  formation  of  cataract. 
Opacities,  usually  commencing  ut  llic  eijualor,  form  in  the  anterior  and 
posterior  corticaU,  and  graduallv  encroach  on  the  pupillarv  space  in  a 
more  or  leas  pyramidal  form.  This  change  is  accompanied  by  a  swell- 
ing of  the  cortical  substance,  which  puslie.n  the  iris  forward  and  narrows 
the  anterior  chamber.  The  anterior  fibres  become  mother-of-pearl- 
like  in  appearance,  and  the  pupillary  space  appears  gray.  Gradually 
the  gray  tint  becomes  tinged  with  yellow,  the  mother-of- pearl  glitter 
disappears  from  the  anterior  surface  of  the  lens,  and  the  visible  portion 
of  the  lens  in  the  pupillary  space,  attt^utiici^  a  hue  that  rc«;uibles  yellow- 
ish wax.  The  lenticular  ftwetling  disappeara,  and  the  anterior  chamber 
resumes  its  normal  depth.  At  tlii.>i  stage,  vision  has  generally  become 
so  impaired  that  the  patient  can  see  only  the  niotiona  of  the  hnntl  when 
it  i»  held  between  him  and  a  light.  When  a  lens  has  resumed  its 
normal  site  and  hns  become  evenly  opaque  to  the  capsule,  the  cataract 
is  said  tn  be  ripe.  As  the  cataract  becomes  older,  the  cells  of  the 
anterior  capsule  grow  larger  and  undergo  degeneration,  forming  dense 
'whitish  apou  on  llic  surface  of  tlie  Itin.^.  The  anterior  cortical  com- 
ineDC«s  to  liquefy  and  to  abi^nrb,  and,  owing  to  fatty  degeneration  and 
the  formation  of  cholesterine  cr^'staU,  again  becomes  whitish,  and  even 
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milky  ill  appearance.     In  some  Icnsw.  tliiti  soAcning  prnow  goes  «e 
far  ifiat  the  vcHow  nucleus  moves  freclv  in  the  )i<{ueficHl  cortical,  witling 
to  the  bottom  of  the  capsular  sac  wlieii  the  eye  is  at  rest.    Tliiv  '^ 
known  as   Morflttffnian  catnrai-.t.     Rarely,  this  process  ci>ntinm^  Mf 
lung  that  the  yellow  Ducleus  moves  in  an  almost  clear  yelloKisb  tluii  in 
the  tbickeneil  atpsule.     In  such  caeoe,  there  is  nn  improvement  in  llif 
risioQ.     Other  forms  of  degeneration  are  occasionally  found,  the  cala- 
ractous  lenses,  for  instance,  bccominf;  denser  and  harder,  and  finilly 
undergoing    calcificatiotti.      In    «nch    eiiscs,    owing   to   accnmpan^iiig 
changes  in  the  chorioid,  vision  is  uanatly  abolished.     Senile  cataiwt 
invariably  attacks  hutii  eyes,  ullliough  it  rarely  comes  on  simultaneonslT 
in  encli  ;  a  period  of  several  raontiis  often  elapsing  before  the  seeocnj 
eye  is  affected.     When  the  pupils  of  old  people  are  dilated,  and  careW 
search  for  lenticular  opacities  is  mode  with  the  ophthalmoscope,  it  isu 
fre<{uent  to  Bud  slight  pyniiuidul  shuota  iti  the  periphery  of  the  leas, 
ttial  the  turiii  rferimtoxon  lpn.ti»  liUM  been  used — a  condition  that  bis 
been  compared  with  the  arcus  senili<t  of  the  cornea.     Indeed,  in  [»«- 
ophtliiUmoscopic  times.  Wulther  di3clarerl  that  cataract  was  not  a  '_ 
ease,  but  was  a  sign  of  old  age,  which  was  existent  in  every  one  to  vrii 
death  did  not  come  prematurely.     Notwiihstaoding  the  frequency  of 
these  peripheral  lenticular  btrire.  it  is  doubtful  whether  there  is  erei 
what,  strictly  speaking,  can  be  callcti  prtmari/  <^aUiract,  and  whether,  in 
all  CBScri,  theiie  siriie  are  not  a  symptom  of  previous  pathulogical  altera- 
tions  in  the  vesaela  of  the  ciliary  pruceaseji  and  chorioid.     8ucb  slight 
opacitiea  in  the  penphery  nf  the  lens  are  of^en  stationary  for  a  long 
lime.     Jo^er  has  noticed  a  considerable  clearing  up  of  them  in  two 
cases,  but  has  never  seen  them  totally  disappear,     liecker  speaks  of 
caaes  in  which  they  remained  unchanged  for  ^fteen  years,  and  cites  one 
instance  in  which  bo  witne&aed  their  couipletc  disappearance  in  a  patienc 
of  sixty  years  of  age. 

Jn  many  instances,  cataract  is  secondary — a  mimifetitation  of  impcr- 
fecl  nutrition  of  the  lens  caused  by  foregoing  pnthological  changes  in 
Other  parts  of  the  eye.  The  forms  of  it,  such  ns  are  frecjuently  fotuul 
nftor  separation  of  ibe  retina,  exleiiHive  chorioiditis,  pigmentary  retinitis, 
and  glaucoma,  are  familiar  examples.  That  endoemosis  continues,  even 
in  caiaractous  lenses,  is  shown  by  the  experiments  of  Bence  Jones,  whert' 
h«  injected  solutJans  of  carbonate  of  lithium  suhcutaneously  into  the  tu- 
SUM  of  patients  who  were  soon  to  be  operated  on  for  cataract.  In  lh«e 
CMw,  however,  it  was  foiiiid  that,  although  the  lithium  salt  was  demonstra- 
ble in  nil  other  tiwiies  in  a  few  minutes"  time,  it  was  not  to  be  found  in  all 
|Mirtiuns  of  the  lens  until  after  two  and  a  half  or  three  hours.  In  tho»i* 
MATS  ill  which  operation  whs  ileferred  until  the  fifth  day.  the  drug  had 
v>4iimence<l  to  disappear  from  the  lens.  Whore  the  eyes  were  not  oner* 
lAlv^l  u|>oii  until  the  seventli  day,  scarcely  a  trace  of  the  drug  could  be 
;|t>ttud.  In  anim»K  it  was  found  in  the  normal  Ions  in  twenty  to  thirty 
uimtn*  lifter  injection.  From  these  experJineuls,  it  appears  that  while 
■  -\H  in  the  cntaniL^um;*  lens  Mtill  continues,  it  is  much  slower  than 
.■  .^  Ui'iilthv  tissues.  The  fact  that  sugar  has  also  been  demonstrated 
[to  t)h>  Uvis  in'diabetic  cataract,  otfers  additional  proof  of  tbe  continuance 
Di  «iMk<«tnoat». 
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More  recent  experiments  by  Dcutfichmnnn,  sliow  that  after  tho  admin- 
itimipD  of  iodide  of  potaesiuiii  to  rabbits,  tlii$  drug  wmv  first  demon- 
itnletl  iind  in  greatest  tiimntity  neiir  tlie  e<fii»tor  of  the  lens,  nnd 
bfWein  this  location  nnd  tlip  poRtcrinr  oapsule.  Mngnus  lias  prmiuceil 
catamct  It  feeding  nnptitbalin  to  aniniaLs,  and  hai!  alwavB  found  the 
fffcctA  most  markeii  in  the  ]oiis-m»tter  at  the  equator  and  just  behind  it. 
In  npport  n(  this,  cliniciil  observation  in  man  points  to  the  same  region 
of  tlic  leuH,  as  that  in  whieh  most  active  nutritive  processes  take  place. 
further.  Fuchs  menlinns  thatwlionevcr  he  has  been  able  to  observe  any 
dnring  of  uortiosi  opticities  in  traumatic  cnturact,  tt  has  been  in  the 
posterior  layers. 

T^  pathological  changes  in  cataractom*  lenses  are  characteristic.  As 
has  been  iminjared,  the  commencenient  of  cataract  seems  to  be  preceded 
hi  I  Btoggige  of  growth  in  the  Icna-fibrcs  and  a  consequent  cessation  in 
the  increase  uf  tbe  size  of  (be  nucleus.  The  fibres  constituting  the  nucleus 
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J«loied  buDbuo-Uke  qmcw  between  the  oortlcail  ibna.    iBbckbb.) 

become  denser,  more  yellow,  and  more  liomogcneous.  They  also  lose 
their  aerraied  outlines.  This  stoppage  of  growih  seems  to  precede  for 
some  time  any  loss  of  transparency.  The  fact  that  Priestley  Smith  has 
shown  thai  even  when  lenstHare  but  slightly  caiaractous,  they  are emiiller 
and  weigh  less  tlinn  tmnspinvn.t  terines  at.  the  same  time  of  life  do,  offers 
farther  evidence.  As  the  lens  becomes  more  catamctous,  the  nucleus 
gradually  shrinks,  causing  the  cortical  fibres  to  separate  irregularly  from 
one  another.  The  spaces  thus  formed,  become  filled  with  an  albuminoua 
fluid,  which  is  it  first  trail}' pa  rent,  but  aftcrwanl  becomes  coagulated. 
Sometimes,  the  fibres  form  continuous  masses  which  are  contracted  ac 
points,  giving  rise  to  a  jointed  alga  or  bamboo-like  appearance,  as  shown 
in  Fig.  2.^0. 

Later,  the  lens  temporarily  imbibes  water  and  swells,  but  as  the  cata- 
ract becomes  older,  it  diminiphes  in  size.  At  this  stage,  oil-globulca, 
cholesterinc  crratals,  and  granular  detritus,  form  from  the  degenerating 
lens-fibres  and  the  ulbuuiiuous  coagulu  between  them.  These  changes  are 
most  marked  iii  the  conical  substance,  the  nucleus  rcnmining  compara^ 
'  ively  clear. 

Fig.  2oT  ^hows  the  a'denintous  cornea  and  partly  closed  wound  in  a 
ease  where  preliminary  iridectom  v  bad  been  performed  on  a  patient  with 
diabetes  mellitug,  The  patient  soon  afterwaiil  died  of  diabetic  coma. 
Tho  lena  eshibita  the  shrinking  of  it.s  substance,  the  interspaces  between 
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tliotibnUic  in  the  anterior  aad  posterior corticnU,  and  the  laTerofi 
minoiiB  material  hctweou  the  mpaule  and  ihc  cortex. 

Fig.  258  shows  a  8ei:tion  through  m  Morgagnian  cataract  wlien;  ihe 
cotn[>arutively  clear  anil  ri^isuint  niicteuR  has  fnllcn  out  of  pUc«  i&jif 
•tuiTOurideil  bv  the  remnants  of  the  degenerated  curticat  inaterlaL 

Both  ihi^  tigtire  and  Fig.  259,  show  some  of  the  formative  rkao;^ 
which  take  place  in  degenerating  lenses,  and  which,  in  these  ini>Ubn». 
consist  mainly-  in  the  production  of  colloid  masses  and  large  vesicultf. 
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nuclentei)  cells  near  the  equator  of  the  tens.  The  other  changes  of  lliii 
character,  consist  mainly  of  proliferation  of  ihe  epithelium  uud«r  it* 
uriU'rior  capsule,  irliich,  by  pressure,  forces  il>*  way  backward.  Wlirti 
the  ef^ufttorittl  lens-fibres  have  been  partly  or  entirely  ilestroyed,  ti* 
growing  cells  push  their  way  backward  till  tliey  sometimes  lonn  Ut 
epithelial  lining  for  the  entire  p<jst«rior  capsule. 

Ifuib^tk  cataract.  It  has  long  been  noticed  that  cataract  >»  fonid 
with  unusual  freipiency  in  diabetic  patients.  Graefe  cousi(h'n'<l  liitil 
occurred  in  about  one-fourth  of  all  such  cases,  Gorhardt,  however,  wb* 
examined  one  huudred  and  fifVy  diabetics,  found  only  six  aficcted  wttb 
the  disease— about  4.28  per  cent.     From  the  experiments  of  KDniir- 
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CuhohorD,  Mitciiell.  uqiI   Dt^utechmunn,  it  appears  tlmt  injections  o? 

large  qnantitiea  of  Halt  or  nyrup  into  tlie  tissual  of  lower  nnimaltt,  will 

Cause  opacity  of  the  lens.     This  is  prababljr  due  to  the  absiraction  of 

^VTBter  from  tlie  substance  of  the  lens,  timl  interference  with  endosmosis 

^■Dil  nutntion.     The  fuct  tbut,  in  the  case  of  fro^,  the  lenses  again 

^pecomc  tninapurcnt  tilVr  tlie  uiiimalH  have  hcert  allowed  to  remain  in 

^Trater  for  several  hours,  tends  to  confinn  thi-i  view.     The  i-ure  but  well- 

itfaeuticuted  iustancus  of  the  spunUineuus  ilitruppearancu  of  diubetic 

l,taract  in  man,  wouhl  appear  to  serve  as  additional  evidence  in  sup- 

Fio.2». 


FormiiUve  ctuD^ni  iu  a  decenenrtJiig  lena.    {Bbckol  i 

irt  of  thift  stateinenL     In  these  instances,  the  clearing  up  of  the  lens- 

lifstance  coincide*!  with  an  improveiuent  in  the  ^eneml  health  of  the 

^ni  and  with  a  diminution  of  the  amount  of  sugar  in  the  urine, 

town  by  Seegen  Hn<l  1'aiinahill. 
NephrkU-  catarant.  tt  is  quite  common  to  cncoanier  opacities  of 
w  lena  in  the  ad^-anced  stages  of  Uri^ht's  disease,  thus  causing  many 
writ«rB  to  speak  of  nephritic  or  albuminuric  cataract.  It  ia  doubtful 
whether  diseas*-  nf  the  Kidneys  has  any  specific  action  on  the  production 
of  cataract  further  than  through  the  general  impaired  nutrition  caused 
by  it.  and  the  tendency  to  oadcma  of  the  lids,  face,  and  orbital  tissues, 
which  may  hinder,  to  some  extent,  lymph-circulation  within  the  eye. 
Only  a  very  small  percentage  of  the  cases  of  ripe  ontaracts  which  have 
^rcAented  themselves  to  the  anthnr  for  operation,  have  had  either  casts 
albumin  in  the  urine. 
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Rotlimniiit  htm  reported  a  series  of  curious  caiu»  of  hereditarr  nltlf*' 
diseoMe  Bccompunied   by   cataract.     Althougli    Mooren    nswrti   tW* 
chronic  skin  erupliotiB  may  favor  the  rlevelnpuii'nl  of  calnract  bj  cam 
ing  creeping   inflnoimatorj?  ptocesses  within  tlie  eyo,    yH    the  nirai 
liiseiises  of  the  skin  ilo  not  appear  to  proJucc  lenticular  opacitj'.     Foer- 
fltor  thinks  that  chronic  akin  affections  may  favor  the  development  ol 
maraamus.  thus  giving  riae  to  cataract  by  alterations  in  the  nutrittMi  of 
of  the  lens.     Ergoti^tiii,  »]t>Q,  \n  said  to  produce  cataracL 

Potteriw  polar  fataraft  is  very  common  in  chorioidal  alTcctioM. 
Both  "oiiterior  nnd  posterior  cortical  opacities  are  found  almost  with- 
out  exception  in  cases  of  pigmentary  retinitis  of  long  atanding.  the 
cataract  often  tecouiiu"  compteto  in  tlie  ttilt^r  stages  of  the  disense.  la 
some  instances.  diR:tcction  Hh[>wt>  that  the  opacity  is  primarily  acated 
either  in  the  fosi>a  patelturi>i  or  in  the  vitr<^mi>>  imtnediat^^Iy  lichittd 
the  lens.  Later,  cor rut> pond ingly  situates!  posterior  cortical  opacities 
form,  which  in  lime,  often  sprend  throughout  the  I«"8.  Aa  posterior 
polar  cataracts,  even  though  of  limited  extent,  are  situated  in  the  visual 
axis,  thoy  are  very  annoying  to  the  patient.  In  soch  caaea,  the  progress 
toward  general  involvement  of  the  lens  with  compleM  ripening  of  the 
cataract,  is  ufteti  exceedingly  sluvr. 

Con'frniiaf  cfiiaracfa  miJ  the  tMarar.t  of  infana/.  The  former  are 
frequently  unnolicfHi  until  somt-  time  after  birth.  They  are  ofu^n  accom- 
panied by  nystagmus  and  partial  atrophy  of  the  optic  nerve.  That  form 
which  is  designated  as  (IxmI  cut-ar^ici,  in  which  a  spindle-shaped  opacity  _ 
runs  antero-pasteriorly  through  the  lens,  ie  very  frequently  accompanied  ■ 
by  these  dofecta.  When  tficofwujue  apiudteia  narrow,  regular  in  shape, 
and  occupies  only  a  part  of  the  puf>illary  area,  it  may  sometimes  inter, 
fere  HO  little  with  vision  as  to  escJipe  detection  in  early  life.  When  it  is  suf- 
ficiently thick  to  obscure  most  nf  the  pupil,  or  if  it  is  so  irregular  in  shape 
OB  to  cause  increased  difl'ractinn  of  light,  it  very  much  diminishes  the 
acuity  of  vision,  Anotlier  common  form  of  congenitsd  cataract  is  the 
so-called  zonular  cataract.  The  first  description  of  the  anatomy  of  this 
variety  was  given  by  Jaeger,  lu  this  form,  the  nucleus  of  the  leos 
remains  clear,  and  is  surrounded  by  an  opaque  band  or  zone,  outside  of 
^irv  '  ^'hich  there  is  clear  lena-substancc.  Arit,  louking  on  tnich  cases  a>  A 
■^~  acquired,  lias  culled  attention  to  the  fact  that  tliey  are  frequently  ' 
Emhject  to  convulaians  in  infiincy.  Florner  bait  shown  that  zonular 
cataract  is  ofl^n  accompanied  by  horizontal  striie  on  the  enamel  of  the 
teeth,  and  other  manifestations  of  rhachitis.  J.  Arnold  has  denionstraled 
that  the  development  of  the  enamel  ■>r  the  teeth  and  that  of  the  layers 
of  the  lens  affected  in  zonular  cataract,  occur  at  the  same  period  of 
festal  development. 

Sometimes  there  are  no  other  opacities  in  the  lens.  At  times,  radi- 
ating atris  can  he  seen  extending  outward  from  the  opaijue  zone,  in 
the  tatter  cases,  it  is  not  common  to  find  the  len^iex  beci^ming  completely 
opaque  as  the  patient  becomes  older,  although  in  some  instances  —usually 
in  those  in  which  no  peripheral  atnoe  exist — sufficient  vision  may  be 
retained  to  allow  the  subject  to  perform  many  sorts  of  coarse  manual 
labor,  and  to  read,  laboriously,  large  print.  The  opaque  zone  always 
diminishes  the  elasticity  of  the  lens.     Becker  states  that  there  is  never 
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more  than  the  twentieth  part  of  normal  dccomtnodation  in  sach 
p&tieDts. 

Total  congenital  cataract  is  frequently  hcrcdiiarv.  It  uaunlly  rapidly 
Undergoes  <iegenemtion  and  often  slirinkit  mutenully.  At  tiiaev,  uiitenor 
tynevhiie,  which  are  pruljulily  due  to  influinmatioii  during  r<£tal  life,  are 
Ibitnd. 

In  the  variety  which  forms  in  adolescence,  it  tuny  be  concludetl  that 
the  more  bluiah  the  lens  and  the  deeper  one  can  see  into  its  chUs  with 
focal  illumtiialion,  the  softer  is  the  cataract.  Degenerated  cataracts  are 
often  milky  ami  semi-fluid,  becoming;  denser  and  more  opa<]ue  in  their 
lf)we*t  portions;  the  heavier  portions  naturally  settling  to  the  bottom 
of  tlte  lens  <-apitule  when  the  patient  i»  erect  am!  i|uiet.  In  congenital 
c»larncts,  the  capsule  is  often  undulv  tough,  while  the  zonula  h  less 
resistant,  causing  such  lenses  to  dislocate  readily  in  attempts  at  dia* 
cission. 

Capaular  eataracta.  It  has  been  mentioned  that  irf  most  orer-rip« 
cataracts,  there  ia  a  formutiuu  of  opuciti^  in  the  capsule.  This  Is  due 
to  a  proliferation  of  ihi-  cuIIr  which  underlie  and  form  an  oHAi-ntiiil  part 
of  ita  anterior  portion,  Wcdl  and  Becker  have  both  seen  sueh  cell- 
growth  taking  place  and  projecting  into  the  tens-tis&ue  proper,  while 
the  lenticular  9Dbstance  was  transparent.  Fig.  260  represents  such  a 
capsular  cataract  with  its  proliferation  of  the  capsular  cells,  which  have 
invaded  the  true  kns-substancc. 
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This  has  been  described  by  Iwanoff  as  ph'ikitts.  It  is  frequently 
accompanied  by  an  inflammatiou  of  the  iri»  and  chorioid.  and  a  devel- 
opment of  bloodvessels  on  the  anterior  Hurface  of  the  cji]iv^ule. 

Central  anU-rior  capitular  eatamrt.  is  generally  the  result  of  a  pcrfor- 
;tJDg  central  ulcer  of  the  cornea.  ^^' heu  the  auueous  escapes  in  such 
\  the  lens  is  pushed  ngainst,  the  opening,  and,  us  ihe  wound  heats, 
the  fwrt  of  the  ca|)9ule  thus  brought  into  contact  with  the  cornea,  be- 
comes covered  with  exudation.  When  the  corneal  wound  is  healed,  the 
aqueous  reaccumulates,  and  the  lens  ia  gradually  pushed  back  into  place, 
leaving  a  layer  of  t'xudatiou  on  the  anterior  capsule.  Suinetimes.  care- 
ful examination  will  show  a  thn-ail-like  hand  that  runi^  fnnn  the  cap- 
sular opacity  to  the  corneal  leuconia.  In  either  case,  this  process  leads 
to  a  disturbance  of  the  nutrition  of  the  capsular  cells  wliich  underlie  the 
exudation,  causing  them  to  proliferate  and  push  the  opaque  portion  of 
the  capsule  forward  Into  the  anterior  chamber,  where  it  frecjuently 
kppeora  as  a  amall  cone.  The  )iatholo];ical  changes  may  stop  at  this 
Its^,  or  may  continaetill  totnl  opacity  of  the  lena  is  produced.  Accord- 
ing to  Uuike,  this  form  of  cataract  may  sometimes  appear  in  children, 


where,  without  absolute  perforation,  a  plug  of  lymph  i*  formed  in  the 
anterior  chamber  b^  severe  suppurative  corneal  inflnmniattuu. 

Ktderlj  people,  whose  Icnsed  are  commendng  to  become  opune, 
usually  complain  iKrit  they  uo  lon^^er  see  well  wbea  they  use  their 
spectacleii.  They  think  tbnt  rlicy  nt^d  stronger  pairs,  but  even  with 
these,  the  eyes  become  fstigueil  after  res'liiig  for  a  few  minotw. 
Many  aucb  ]>atients  see  Hpot^  or  inimcte,  ami  iintice  that  the  mooQ 
or  any  bright  point  of  light  5iils  to  present  its  usual  appwimncc.  bang 
cither  seen  doubled  or  as  having  projections  or  balgiiigs.  Tb»e 
phenom<>na  arc  described  as  tuonodulnr  poljftipia,  and  are  due  to  an 
irregular  swt-lling  of  the  lens- subs  lance,  causing  light  to  be  refracted 
ililferently  in  the  various  Hemurx.  In  rare  caseSt  thia  awelling  is  very 
great,  while  there  is  but  little  opacity.  Owing  to  the  ^rreatcr  curva* 
ture  of  the  lens,  such  persons  are  able  to  use  much  weaker  convex 
glaaaea,  or  to  lay  them  aside  altogether.  They  are  then  aaid  lo 
have  acquired  $econd  sight.  The  myopia  thus  produce*!,  causes  a 
failure  of  vision  ai  a  distance,  which  may  be  approximately  corrected 
by  appropriate  I'onoave  lon«f«.  Owing  lo  the  fact,  however,  that  there 
is  a  slight  clouding  of  the  lens,  the  corrected  acuity  of  vision  ie  teas 
than  normal.  In  such  cases,  ordinary  type  is  easily  read  wiihoui  the 
aid  of  a  glass  ;  small  print  readily  fatiguing  the  eye,  even  when  a  weak 
convex  lens  for  magnifying  purposes  is  employed.  Arlt  hon  called 
attention  to  the  fact  chat  in  some  coses  of  nuclear  cataract,  myopia  us 
produced  by  the  rays  which  furui  the  rulinul  image  entering  through 
the  periphery  of  the  lenn  alone,  and  therefore,  being  more  refracted, 
come  to  a  focus  nearer  to  the  posterior  surface  of  the  lens. 

Passing  from  the  consideration  of  these  unusual  cases,  it  will  be  found 
that  in  the  early  stage  of  cataract,  the  lens  is  swollen,  th»^  iris  i<i  pusheii 
forward,  and  the  anterior  chamber  is  narrowed.  This  pressure  provokes 
the  iris  to  become  irritable,  usually  making  the  piilients  exhibit  a  slight 
degree  of  photophobia,  and  causing  them  to  complain  when  exposed  to 
bright  sunlight.  Moreover,  as  brilliant  illumination  contracts  the  pupil. 
and  therefore,  owing  to  the  decrense  in  the  quantity  of  light  which  the 
haxy  lens  permits  to  pass  through  it,  diminishes  the  sharpness  of  the 
relinnl  iningw,  such  patients  see  badly  in  situations  where  there  is  much 
light-stimulus.  They  therefore  usually  derivo  comfort  from  the  use  of 
light  and  medium-tinted  smokwl  glaiw  when  out  of  doors  or  when  facing 
a  bright  light  At  this  time,  there  is  always  a  strong  pupillary  re- 
flection ;  but,  as  this  effect  may  be  the  result  of  a  narrow  pupil  and  a 
yellow  lens,  a  diagnosis  of  incipient  cataract  must  not  be  made  unloea 
opacities  am  be  demonstrated  in  the  lcn.<;  by  the  um  of  obli(|uc  light, 
and  the  diagnosis  confirmefl  by  the  employment  of  the  mirror.  The 
extension  of  the  lenticular  opacities  continues  at  u  varying  rate  in  difTerent 
individuals.  In  some,  the  lens  becomes  entirely  opaque  in  the  period 
of  a  few  months.  In  other*?,  the  process  of  ripening  lasts  for  years  be- 
fore the  cataract  is  mature.  Wo  speak  of  a  cataract  as  mature  when 
the  primary  swelling  of  the  leni<  has  subside<l,  and  when  the  opacity 
has  extended  throughout  the  lens-suhsiance  nnd  the  anii-rior  cortical 
has  become  opaqne  out  to  the  anterior  capsule.  At  this  time,  the  iris 
nsts  immediately  upon  the  opar^uo  portion  of  the  lens,  while  in  unripe 
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cataracts,  a  tmn-tpurent  rim  of  »ih<itancc  MparntcA  it  from  the  opaque 
matter  beneath.  Owing  mainly  to  the  extent  to  which  the  sclerosi*  of 
the  nucleus  has  advanced,  the  cataract  at  this  stage  varies  miicli  in 
appearance.  In  most  cases,  a  grayish  layer  overliei^  the  nmber-colored 
Qacleu8,  irbicb.  in  some  int^tancca,  ie  so  donse  that  it  becomes  distinctly 
Tisibte  only  by  obrujuc  light.  In  others,  there  is  scarcely  any  of  the 
gray  opacity  left  in  the  anterior  cortical,  and  the  lens  appears  yellowiah 
iind  waxy. 

At  times,  where  the  sclerosis  has  invaded  the  entire  lens,  the  papil 
looks  so  dark  (hat  it  is  only  by  careful  foctil  illuminittion  that  the  pres- 
ence of  a  dark-yellow  catamct  \s  recognized.  From  the  blncknesa  of 
the  pupil,  and  the  extremely  dark  color  of  ihu  lens  after  its  extraction, 
fluch  cataracui  have  received  the  nppcLliition  of  cutnvaeta  nufrn.  The 
same  term  is  applied  by  some  vritent  to  that  fnrni  of  complicated  cata- 
ract which  sometimes  ensues  aflcr  chorioidal  di'^ea.se  and  heniorrbaces 
into  the  eye.  In  such  instances,  the  lent)  is  suid  to  owe  its  diirk  color 
to  the  imbibition  of  bcemutin.  If  the  retina  and  the  optic  nerve  are 
healthy,  the  cataract,  even  when  tiiorouj»lily  formed,  is  never  sufficiently 
dea9«  and  o)>aquft  lo  eimsc  entire  blindness,  the  patient  being  able  to  see 
the  motions  of  the  hand  in  a  good  light,  and  Lo  diatinguiiih  the  presence 
of  a  lighted  cniidle  in  a  dark  room  at  a  iIi»Uknce  of  twenty  feet.  In  milky 
Jind  in  Morga>;nian  cataracts,  the  reflection  of  light  is  often  so  great  that 
u  lighted  candle  is  seen  only  at  a  distanoa  of  from  ten  to  twelve  feet. 
In  all  cases  where  the  patient  is  made  to  lix  one  candle-flame,  he  <thr>uld  he 
able  to  detect  the  prciwDCe  of  a  second  one  at  any  point  within  the  usual 
field  of  rtslon.  Should  he  fail  to  do  this,  there  is  imibably  somt-  dimi- 
nution of  the  visual  field.  Large  defects  in  the  field,  such  a»  are  <lue 
to  advanceil  glaucoma  or  ^^eparutlon  of  the  retina,  are  thus  generally 
T«adity  recognir.e<l.  Owing  to  the  HifTusion  of  light  by  rhc  opaque  lens, 
ianll  lesions  cannot  be  detected.  l''or  in^utnce.  attempts  lo  map  out 
MarioLic's  spot,  invariably  fail.  Such  patients  ore  usually  able  to  dis- 
tinguiiili  colors  when  they  are  e.xhibil«<l  in  large  mit^i^ea  and  are  brightly 
illaminated.  Owing  to  ilie  great  ahnorption  of  the  blue  rays  by  tlie 
yellow  lens,  rach  siibiecLs  are  apt  to  be  slightly  blue-blind. 

It  baa  long  been  realized  that  any  means  of  so  infiuenclng  tbe 
nutrition  of  the  lena  as  to  cause  it  either  to  absorb  or  to  again  become 
transparent,  would  be  a  gresit  boon  to  humanity.  Tp  tn  the  present 
time,  however,  all  etforts  to  attain  this  object  have  been  fruitless — 
the  older  Iwoks  presenting  a  long  list  of  remedies  which  were  once 
supposed  to  be  efliciicions,  but  which  have  since  been  demonstraletl  to 
be  ahsolutelv  useless.  NevertliolesH,  the  author  i!4  of  the  opiniim  that 
many  cases  of  cataract,  when  seen  at  their  very  commenoemeni,  may 
be  retardnl  in  their  progress  by  improving  the  general  nutrition  of 
the  patient,  and  by  the  moderate  nse  of  such  salines  as  promote  watery 
discharges  from  the  bowels  and  increase  the  secretion  of  urine. 

Internal  medication  having  proved  valueless  in  stop  the  disease,  we 
moat  resort  to  surgical  means*  to  secure  a  free  ingre^is  of  light  into  tho 
eye.  Fur  this  purpo-se,  three  dillerent  mothodH  have  been  devised: 
1,  discission  ;  "J,  couching;  8,  extraction. 

Discission   (scleronyxis   and    keratonyxis)   is   probably   a    modcra 
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operation.  Although  certain  posngefl  in  the  writin;;s  of  tlie  ancienb; 
are  by  some  interpr*?t4?d  to  be  flescriptive  of  <liftcission,  the  differ- 
ential diagnosis  betwct-n  catarwct,  Iiy[H>pyon.  tmd  ntlier  pupillary  ob- 
structions was  so  unct-rtain,  and  the  descriptions  nrc  so  inaccumic, 
that  it  in  diflictilt  to  decide  whetlii*r  the  openitioii  wsm  really  pmctiaed. 
Amon^r  the  i\ivt  to  introduce  it  syiDteiniitically  n<u  Percival  Pott^  who, 
in  1787,  arciinitely  described  nnil  extensirely  practised  the  method. 
All  operations  for  discission  have  for  their  aim,  not  only  the  rupture  of 
the  capsule  of  the  lens  and  the  iiartial  catting  and  breaking  of  the  lens- 
substance,  hut  also  the  adrois^ion  of  aqueous  humor  to  the  lens.  This 
is  done  beenuKe  lhtt4  Suid  \iaa  tin*  property  of  uiusing  the  leiis-subst&iioe 
to  swell,  become  more  opin^ue,  and  finaliy  to  undergo  diasolation.  When 
the  puncture  is  ruaJe  from  the  sclera  {ncleronyxin),  a  needle  is  iuiwrled 
into  this  membrane  about  three  or  four  millimettra  behind  the  corneal 
border,  and  n  carried  thraugh  the  posterior  chamber  till  the  poiul 
reaches  the  upper  inner  pan  of  the  pupillary  space.  The  instrument 
is  then  romtod  on  iis  axis  and  made  to  bore  into  the  lens  suhsianco. 
while  its  cutting  eilges  are  employed  to  still  further  divide  the  tissue. 
Care  must  be  taken  to  avoid  any  injury  to  the  iriii.  Scloronyxis  waa 
at  one  time  extensively  practised  as  a  general  method  of  operation  on 
cataract  both  in  England  and  In  this  country.  Dr.  Isaac  liars,  of  this 
city,  inventing  an  ingenious  knife-needle  so  arranged  as  to  cut  and 
bieiLk  up  iiioie  thoroughly  hard  and  senile  lenses.  Discission  through 
the  cnnictt  {ktratont/ris)  Is  perfonned  by  puncturing  the  cornea  with 
a  needle  and  carrying  the  instrument  through  the  anterior  chamber 
and  pupillary  space  into  the  lens.  }iy  rotation,  and  by  using  the 
instrument  as  ti  lever  with  the  fulcrum  in  the  cornea,  the  lens  is  bored 
»nd  cut  throuf;h  its  anterior  surface. 

In  the  pcrformonce  of  either  operation,  the  pupil  should  be  dilated 
to  its  in».\iiiium.  and  the  needle  should  be  Introduced  at  right  ang1e«  to 
the  surfiu^e  of  the  cornea  and  .uclera.  so  as  to  nmkc  the  wound-canal  as 
short  as  possible.  After  entering  thu  anterior  chamber,  the  instrument 
should  be  directed  to  the  desired  point.  An  oblii^ue  wound  causes  more 
leiiring  and  bruising  of  the  tissues  when  the  neeille  is  used  as  a  lever. 
As  it  is  desirsble  thut  no  aqueous  should  e8C»pe  until  the  completion  of 
the  operation,  the  instrument  should  bo  so  constructed  that  its  neck  will 
fill  the  canal  made  by  the  cutting  edge.  To  prevent  the  iatra-ocaUr 
pressure  from  driving  the  aqueous  out  with  a  rush,  the  needle  »hoald 
i>e  withdrawn  slowly.  Moreover,  the  sudden  emptying  of  the  anterior 
chamber  in  eyes  in  which  there  is  degeneration  of  the  bioodveswls.may 
gi%'e  rise  to  iotiit-ocular  hemorrhages. 

in  both  kemtonyxis  and  scleronyxis,  we  rely  on  the  aqueous  humor 
to  gradually  dissolve  the  lens-matter,  which,  by  rupture  of  the  capsule, 
has  been  brought  in  contact  with  it.  The  success  and  rapidity  of  this 
absorption  depeoda  on  the  free  circulation  through  the  ressels  In  the 
neighborhood  of  Sohlemm's  canal  and  at  the  periphery  of  the  anterior 
chamber.  So  long  as  the  membrane  of  Descemet  remains  lnt;ict,  there 
is  no  filtration  through  the  cornea.  Great  care  should  be  uken  not  to 
do  too  much  at  one  operation,  but  to  be  satisfied  with  a  moderate  cat- 
ting of  the  lens  and  capsule.     If  the  discission  he  too  free,  the  less 
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wilt  swell  rapiilly,  und  1»r^  masses  will  full  into  the  anterior  chamber, 
which,  pressing  on  and  irritating  the  iris,  will  produce  eonge.stion  nf 
iU)  blowlvessels  aiKl  tho»e  uf  the  ciliary  processes.  Absorptiun  and 
filtmtion  are  thus  much  diminisheil,  aiuJ  the  5wolleii  masses  Me  for  days 
in  the  pupillary  space  or  anterior  chamber  without  apparent  change. 
At  limes,  they  mav  give  rise  to  positive  infiaraiiiation  of  the  iris,  with 
consequent  exudation.  When  the  diaciasion  has  been  carried  too  far, 
(be  operation  ia»y  tic  ftjliowi^l  hy  nausea  luul  vomititi;£,  an<)  there  may 
even  l>e  a  violent  and  Huddeii  iricrea-^e  of  tfiiHioij,  with  the  nnnluction 
of  secondary  glaucoma  Frequently,  where  the  nutrition  of  tue  parts  is 
impaireU,  or  where  the  lens  is  unilsuaEly  hard,  it  may  be  necessary  to 

■  repeat  the  operation  several  limes,  before  a  clear  pupil  is  obtnined. 
During  the  entire  period  of  absorptruti,  the  eye  should  be  kept  steadily 
under  the  influence  of  atropine.  Although  experience  liiut  sliowri  that 
excellent  rexultt  may  be  obtnined  from  careful  and  repeated  disciflsicna 
■  in  senile  cntarBct,  yet.  owing  to  the  slowness  of  absorption  in  such  hard 
lenses,  the  necessary  repetition  of  the  opemtlon,  and  the  danger  of 
exciting  irijo-cyclitis.  this  method  of  operation  is  generally  unde- 
sirable in  such  cases.  Discission,  therefore.  Ima  its  proper  field  in 
children  and  in  young  persons  (under  tweniy-five  years),  in  whom  the 
DucleUii  of  the  lens  ha^  uul  yet  beur)uie  hard  and  dense.' 

Keratonyxis  is  u>^ti)illy  l»  be  pn-ferreil  to  Hclenmyxis,  becniiMe,  in  the 
former  operation  there  m  onlv  a  sHght  wound  made  in  the  cornea,  and 
the  iris  and  ciliary  body  are  not  touched  or  disturbed  by  the  needle. 
The  wound  in  the  cornea,  although  healing  readily,  always  leaves  a  scar, 
which,  even  yeiirs  iifterwurd,  is  often  demonstrablo  by  a  magnifying- 
gfaiss  and  oblique  lig^'t.  To  favor  the  healing  of  the  wound,  both  eyes 
should  be  liandaged  for  the  6rst  twenty-four  hours  after  the  operattoii. 
Od  the  next  day,  tlie  bandage  may  be  replaced  by  medium-tint  smoked 
glasSH,  and  the  patient  kept  under  the  influence  of  atropine.  As  long 
ttsthe  slightest  pericorneal  injection  is  manifest,  he  should  be  placed  in 
a  room  with  but  a  moderate  amount  of  dilTuse  daylight  Even  when 
this  has  long  diaiippeii.red.  the  occasional  use  of  atropine  is  indicated,  if 
the  eye,  although  having  fair  acuity  i>f  vision,  waters  on  exposure  to 
strong  light  or  flu.shes  during  iittempw  at  near-work.  The  eye  should 
be  protected  fr'jni  heat  and  glare.  Entire  abstinence  from  attempts 
at  near-work,  hIiouM  be  insisted  on. 

■  Couching  of  catamcl — reclination  and  depression,  or  the  removal 
of  an  opaque  lens  from  its  usual  position  behind  the  pupillary  space  by 
dislocating  it  into  the  vitreous  humor,  is  an  operation  which  has  been 
practised  among  many  nations  from  the  curliMt  times.  Celsus'  gives  an 
excellent  dewcriplion  of  it,  recognizing  the  iiecessiiy  nf  Imving  the  cata- 
ract hard  and  matiirp,  and  stating  tlmt  .some  varieties  are  incurable. 
He  also  gave  instructions  as  tt>  diet  and  after-treiitment.  Mis  metliod 
oonsiftted  in  introducing  a  needle  through  the  cornea  and  pressing  the 
lens  directly  downward  into  the  viireoos.  In  178o,  Willburg  entered 
the  needle  through  the  sclera.  Inid  m  head  on  the  anterior  surfaoe  of 

■  nitf  jMn  »go.  Id  flilliiielphiA.  under  ihe  lenctUitRt  of  Bus*  and  L1tt«U,  alm'Mn  »11  CAia- 
taeUnetcMMmUd  br  dUcUslon.  anil  in  many  r.A-te*  viiia  uK^Uunl  rcuili*. 
•  Ub.  »li..  e.  tU..  II. 
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the  len>(,  iind  preitseil  it  backwar<l  ntid  downwuni,  50  that  the  anteiior 
part  iifthe  len<i  looked  upvard.  In  1801,  Scarpa  porruratcd  the  sclera 
belovf  the  median  line  back  of  the  ciliary  body,  and  pressed  the  lens 
outvrunl  and  backward,  so  that  its  anterior  sarfoce  looked  upward  and 
inward,  toward  the  gUbelluin  fi-ontis. 

I-n  aucuessful  cases,  where  the  lena  i«  of  proper  consistence,  the  iin- 
medinte  resnlu  of  the  oporation  are  almost  magical.  Without  loss  of 
blooil  or  of  any  of  tlie  contents  of  tbu  eyeball,  iind  almost  vrithoot  pain, 
t)ie  opaqnc  tens  is  pushed  ont  of  the  visual  Hxix.  The  cornea  rctauu 
its  curvature,  and  the  space  occupied  hy  the  lens  in  at  once  filled  by 
clear  ai{uci>us  and  vitreous  humor,  so  that  the  patient,  who  was  a  few 
momenis  before  blind,  can  see  fine  print  distinctly  with  the  aid  of  a 
proper  lens.  The  disadvaulagea  are,  liowevur,  numerous-  All  lenses 
cannot  he  so  displaced  in  their  eniirRty,  ntuiiy  breaking  up,  causing  the 
pupillary  fipace  to  become  filled  with  large  maases  of  cortical,  which, 
prestjing  oii  the  iris,  ciiuse  it  to  inilame;  or  the  pupil  becomes  closed 
from  inflammation,  and  the  eye  is  often  lost  from  resultant  irido- 
chorioiditis.  Moreover,  lenses  once  depressed  will  not  unfrequently 
rise  up  a<;ain  after  n  time,  and  partially  or  entirely  obstruct  the  pupilloxy 
area.  Further,  in  some  cases,  it  will  be  found  that  the  lens  which  bus  been 
dislocated  into  the  vitreous,  ia  entirely  absorbed,  except  perhaps  a  few 
particles  of  chalky  matter  or  of  fat.  Usually,  however,  when  eyes 
which  have  been  thus  operated  on  in  this  manner  are  examine<l  nphthaU 
moscopically.  or  by  dissecting  them,  the  lens  is  found  tying  on  the  ciliary 
body.  Still  worse,  in  many  cases,  the  dislocated  lens  acts  as  a  foreign 
body,  and  excites  recurrent  inflammation  of  the  chorioid  and  ciliary 
body,  which  often  not  only  destroys  the  eye,  bat  also  excites  symjiathetic 
inflammntion  in  the  fellow-eye.  On  account  of  these  dangers,  and  be- 
cause of  the  iuipnived  teclinji|ne  of  the  operation  rtf  extraction  with  its 
conseijurntly  diminished  risks,  reclination  has  been  abandoned  by  most 
8urg«ons  of  the  present  day. 

In  the  performance  of  couching,  the  pupil  should  always  be  well 
dilated  by  a  mydriatic,  so  as  to  give  u  large  pupillary  space  and  thus 
diminish  the  chance  of  injury  of  the  iris  hy  the  needle.  The  dilatation 
alao  allows  any  portion  of  the  lens  which  may  remain  in  its  original 
position,  and  thui«  press  upon  the  iris,  an  opportunity  to  swell  with 
less  irritation  lo  this  membrane.  The  after'trraitmrait  should  be  the 
same  as  that  directed  for  discission. 

The  operation  of  extraction  of  cataract  is  said  by  Anagnostakis  to 
have  been  known  to  the  ancients,  and  described  and  practisod  by 
Galen.  If  so,  it  was.  lost  sight  of  and  forgotten,  to  be  reinvented 
by  Diiviid  in  174'^,  Daviel  made  his  incision  entirely  in  the  cornea. 
He  ns<>d  n.  triangular  knife  for  the  purpose,  and  then  enlarged  the 
wound,  either  with  a  knife  or  with  a  scissors,  until  ho  had  separated 
a  little  more  than  one-half  of  the  circumference  of  the  cornea  from 
its  attachment  to  the  liinbus.  In  1752,  he  reporteil  two  hundred 
and  six  such  extractions,  with  one  hundred  anil  cighty-twn  favorable 
results.  Since  that  day,  almost  all  conceivable  variations  in  the  poni- 
tiun  and  extent  of  the  incision  have  been  made  hy  different  sorgeons, 
the  cut  varying  in  size  from  four  millimeters,  for  the  linear  extraction. 
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to  ten  and  twelve  millimetent,  for  the  peripheric  linear  and  the  flap ; 
and  ext«D(liDg  to  still  larger  dimensions  in  the  scleral  method  of  estrac- 
tiun.  The  rule  is,  that  the  larger  the  Hap,  the  easier  is  the  exit  of  the 
lens,  but  the  greater  is  the  rliaturbance  in  the  nutrition  of  the  cornea, 
anil  the  more  difBcuU  it  ia  to  secure  accurato  ajtposition  with  prompt 
and  firm  union  of  the  wound.  Mort-over.  when  th<^  incision  is  tnrge, 
the  succew  of  thv  operation  depends  largely  vu  the  quietude  of  the 
patient,  m  that  anjrthing  whicli  inakets  him  hurl  his  breath  and  strnin,  or 
any  coughing,  sneexing,  suflden  rising  in  bed.  or  straining  at  stool,  may 
cause  a  reopening  of  the  wound,  with  loss  of  the  eye  ;  this  oecurring 
from  prolapse  of  the  iris  and  alow  inflammatory  processes  from  escape 
of  vitreous,  inducing  iutni-uculur  liuiuL>rrhage.  or  from  suppunLtiuri  of  the 
flap.  witbconHetpicnt  paiinphthalniitia.  The  tendency  tn  suppuration  and 
iritis  waa  supposed  by  Mooren  to  he  largely  obviated  by  an  iridectomy 
performed  from  two  to  six  weeks  before  the  extraction  of  the  lens.  The 
fre^^nent  prolapse  of  the  iris  in  any  flap  operation,  especially  when  the 
cut  was  A  very  peripheral  one,  was  an  additional  argument  in  favor  of 
iridectomy.  Besides,  it  facilitated  the  ready  exit  of  any  particles  of 
cortical  matter  that  might  be  left  in  the  posterior  chamber  behind  the 
iris.  Tn  secure  the  eajiy  evacuation  of  euch  maiKtes,  and  of  the  lens 
proper,  Jacobson  matle  the  incision  still  more  peripheral,  placing  it 
entirely  in  the  va^acular  limbu-s.  Moreover,  lie  maintained  that  the  union 
of  the  lips  of  the  wound  was  more  yierlect  and  rapid  in  this  vascular 
tissue  than  it  was  in  the  cornea.  Of  conrse,  prolapse  of  the  iris  was 
inevitable  in  this  incitiioii.  and  to  be  avnideil  only  by  iridectomy,  while 
the  dangers  of  a  rupture  of  the  hyaloid  and  prolapse  of  the  vitreous 
were  so  great,  that  it  was  neceiwary  to  perform  the  operation  during  the 
relaxation  of  complete  chloroform  naraisin.  Out  of  one  hundred  opera- 
tions by  this  method,  he  hnd  only  one  iota!  loss.  Notwithstanding  these 
various  modifications  of  the  flap  operations,  the  fre<|uent  accidents 
which  accompaniefl  and  followed  them,  led  other  surgeons  to  adopt  a 
plan  of  procedure  which  wbs  diametrically  opposite  in  theory. 

The  so-catleil  linear  incision  had  been  adopted  by  Falhmbi,  RoHae, 
and  Fr.  .laeger,  for  the  nxtrar.lion  nf  degenerated  and  shninken  cata- 
racts, while  the  same  method  had  been  exteneively  employed  by  Gibson 
and  Travers  for  traumatic  ami  for  soft  cataracts.  Graefe  introduced  a 
modified  linear  extraction,  in  which,  after  making  an  incision  at  the 
edge  of  the  cornea  extending  through  one-i{uartcr  of  its  circumference, 
ana  performing  an  iridectomy,  he  removed  the  lens  with  a  spoon.  A 
very  similar  method  was  adopted  in  England  by  Bywinan  and  Critchett, 
the  latter  sometimes  detaching  one-thinl  of  the  corneal  periphery-,  and 
making  a  wound  ao  little  curved  thai  "  it  had  rather  the  attributes  of  a 
slit  than  of  a  flap."  In  1865,  Graefe  perfected  his  method,  and  introduced 
the  peripheric  linear  section,  which  for  many  years  was  practised  by  the 
m^ority  of  eye  surgeouit,  almost  to  the  exclusion  of  other  forms  of  ex- 
traction The  incision  is  made  by  a  thin  and  nan-ow  knife,  whicli  is 
introduced  with  its  cutting  edge  directed  toward  tlm  situation  of  the  pro- 
posed incision,  at  the  point  designated  as  n  in  Fig.  261 ;  this  point  being 
on  the  line  of  a  vertical  tangent  to  the  cornea,  about  two  millimeters  be- 
low the  point,  h,  where  a  horiiontal  tangent  to  the  upper  border  of  the 
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coniea  would  meet  it,  thus  causing  tlie  point  of  the  knife  to  etilvr  the  vxe 
about  one  and  a  half  millitneters  from  the  corneal  odpc.  The  blade  of  iKe 
instrtiment  is  llicn  curried  into  the  antcriur  chamber  and  across  it, 
making  the  couiiter-iiunctiirt;  ut  a  similiir  jiuint,  c,  on  the  other  side. 
The  od^ge  of  the  knife  is  now  turned  aliglitly  forward,  ami  brought  out 
bjr  a  sawing  mution,  so  as  to  make  a  very  slightly  curved  wound,  the 
oilier  part  of  which  lies  in  the  sclerotic  and  the  inner  part  in  the  cornea. 
The  minute  flap  thus  formed  hns  the  depth  of  only  half  a  millimeter. 
A  piece  of  iris  is  then  excised,  the  capsule  is  opened,  and  the  leas 
and  any  remaJninji;  cortical  matter  ore  gently  coaxeil  out  by  stroking  the 
cortieit,  either  nitb  a  smooth  spoon  or  witFi  the  fingvr  acting  through 
ihe  medium  of  the  eyelid. 

FlQ.  -MU 
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All  tliese  flap  and  linear  operationH  may  he  performed  upward  or 
downwKiil,  each  method  of  uiaking  the  cut  having  its  advocates.  When 
the  incision  is  made  downward,  the  operation  is  much  easier  of  perfortU' 
anoe  in  case  of  eyes  that  are  deeply  set  in  their  sockets,  and  tlic  esL-ape  of 
the  Ions  and  cortical  matter  ia  favoreil  by  the  position  of  the  eyelids  and 
by  grHvity.  On  the  other  hand,  the  upward  cm  is  better  ttplintcd  and  ia 
better  held  in  apposition  u-lieti  the  lids  ure  closed.  In  all  cnses  wbvre 
ati  iridectomy  is  performed.  It  is  advHtilageous  lo  have  the  cut  made 
above,  so  that  the  upper  lid  may  cover  the  artificial  pupil,  and  prevent 
the  blinding  effect  of  the  great  quantity  of  light  which  otherwise  would 
bo  admitted  to  the  eyeball.  In  cases  of  extraction  without  iridectomy, 
the  iris,  owing  to  the  absence  of  the  lens,  lies  at  a  deeper  level  in  the 
eye.  Where  we  are  fortunate  enough,  however,  to  have  healing  with- 
out inflammatory  processes,  and  without  the  formation  of  syncchiie,  a 
mobile  pupil  is  sectire<l  which,  by  its  alternate  coatraction  and  dilata- 
tion, rs  capable  of  atlupting  the  eye  To  the  amount  of  light.  Besides,  the 
eye  has  a  much  more  normal  appearance. 

In  alt  these  methods,  in  order  to  evacuate  the  lens,  the  anterior  cap- 
sule is  cut  or  torn  by  some  form  of  cyslitonie.  Portions  of  it  and  of  the 
entire  posterior  capsule,  however,  remain  behind  in  the  eye,  us  shown  in 
Fig.  252,  which  represents  a  seclinn  of  an  eye  which  liiid  been  iinsuccesK- 
fulTy  operated  on  by  Artt  six  years  previously.  Here  the  torn  reninarita  of 
the  capsule  are  retracted  iu  folds,  and  the  anterior  and  posterior  CBp.suteH 
are  united  at  the  periphery  of  the  capsule  sac  to  enclose  the  remaining 
portions  of  lens-substance.  This  roue,  with  its  enclosed  opaque  leas- 
matter,  is  always  found  in  eyes  which  have  been  operated  on  for  cata- 
ract, and  may  sometimes  be  seen  during  life  by  widely  dilating  the  pupil. 
The  more  central  portions  of  the  anterior  antl  posterior  capsules,  espe- 
cially if  ihcy  have  become  attached  to  the  iris,  oflen  proliferate  ami 
forcD  a  veil  just  behind  the  pupillary  space:  this  is  known  aa  ucondaiy 
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tiaraet.  Tlieae  membninea,  even  if  thin,  interfere  very  much  wttb 
rision  by  becoming  folded  and  thus  distorling  the  retinal  images. 
To  avoid  secoodttrv  catariivt.  Beer,  and  other  older  writers,  advo- 
ted  the  removal  of  the  entire  ciipsute.  More  recently,  Pngen.^teeher 
advised  the  extraction  of  the  lens  in  ita  cap&ule,  by  a  traction 
injitruinent.  iis  mi  eh»«>Mtiiil  fiiclor  in  everv  o|>i!rulion  for  M'nile  i^alavHct 
nrhich  It  not  traumatic  in  its  origin.  Tho  loss  of  vitrenim  usually 
follovring  thia  method  of  operation,  ite  prolapse  into  the  incision,  the 
cloading  of  the  entire  ecring  of  it  leading  from  the  wound,  anil  the 
formation  of  opacities,  as  well  aa  the  increased  probability  of  inflamma- 

Kio.aw. 


bliicnimiilalt-il  none  at  aptque  l«n»n»lUT.    tBlOUk.^ 


UoQ  and  the  inability  to  remove  many  ciitaractA  in  i\m  way  without 

rupture  of  the  capaule,  have  seemed  to  moKt  opcrutor><  the  di^iKlvftntngeN 

that  outweigh  its  advantages.     In  many  over-ripe  lenses,  hDWe\er,  the 

^^lenB  may  be  removed  iti  iis  thickened  and  toughened  capsule,  either  by 

^■ecntJe  uianipnlntions  of  the  ball  through  the  closed  lids  or  by  the  intro- 

^3uctiou  of  a  wire  loop,  without  the  loss  of  a  drop  of  vitreous.     Pagen- 

aiecher'  has  lately  publislied  tlie  rexult^  of  nianv  years'  experience  with 

•  his  method  of  cxtriictitin.  While  maintnining  that  tlic  visual  acuity  ib 
■uperior  to  that  ohtuined  whi-ii  the  capHul«  it<  left  in  position,  lie  arlmit^ 
that  the  skill  of  the  operator  is  shnn'n  in  his  choice  of  cases,  as  in  many 
^-instances  it  i»  impossible  to  get  the  lens  out  without  rupturing  its  cap- 
^Ksule.  Soon  after  the  tirnefe  peripheric  linear  method  of  extraction  had 
^Bbecoiiie  common,  n^any  operators  found  that  the  small  amount  of  guping 
^P<if  the  linear  wound,  and  tlio  fpiaiitity  of  eorlicnl  matter  consequcntlv 
scraped  off  during  the  exit  nf  the  leiiti,  together  with  the  near  iippnmoh 
,  of  the  cut  tu  the  ciliary  body,  with  the  increased  liability  of  this  region 

1  Arch.  r.  Opbtlulinol.,  iix)*..  2,  fb.  14VIM. 


432 


CJLTABikOT, 


to  inf^amtnntion,  were  sufficient  objcctionB  Co  cause  them  to  miike  b  larger 
incieioQ  and  a  deeper  tlap,  and  to  place  the  wound  it«elf  more  within  the 
limits  of  the  coniea.  For  tlieHe  reasons,  and  in  the  belief  thai  bv  strict 
antiseptic  precautions,  suppuration  of  the  flap  can  be  prevented,  raoM 
ojicratorx  of  the  present  day,  althou)^h  still  using  the  narrow  knife  of 
Graofc,  have  ubnndoncd  hia  method  of  operation,  and  make  a  Hap  of 
greater  ur  less  extent,  either  in  the  cornea  itself  or  in  the  corneo-scienl 
junction.  Many  »urgeoD8  prefer  an  incifiioii  in  the  cornea,  detaching 
from  nne-third  to  one-half  of  its  periphery,  and  try  to  effect  the  exit  of 
the  lens  without  cutting  the  iris.  Wliere  this  is  attempted,  the  flap 
should  be  entirely  in  tlic  cornea,  and  cocaine  should  have  been  previously 
iiistilleil,  BO  as  not  only  to  render  the  eye  insensible,  but  to  dilate  the 
pupil  and  thus  facilitate  the  exit  of  the  lens.  Where  there  is  a  fully  ripe, 
l)urd,  waxy,  and  uncomplicated  aenile  cataract,  with  a  healthy  iris  and 
a  pupil  which  readily  dilutes  ad  »mxtV/iu"<,  excellent  results  are  ofteu 
obtained.  At  times,  however,  there  is  prolapse  of  the  iris,  and  wp  are 
obliged  either  to  perform  iridectomy  or  to  have  the  eye  heal  with  an  ante- 
rior synecltia,  and  perhaps  also  a  cystoid  cicatrix.  In  all  cases  of  compli- 
cated cataract,  the  operation  is  best  performed  with  iridectomy.  Wbiere 
there  is  any  suspicion  of  chrouic  glaucoma,  the  excision  of  the  iris  should 
be  mailc  from  two  to  three  mnntha  previous  to  the  extraction  of  the  cata- 
ract. In  the  opinion  of  the  author,  the  Sap  operation,  combined  with 
iridectomy,  is  usually  safer,  and  will  give  an  average  of  better  reaults  id 
any  large  number  of  consecutive  ciises,  not  selected  especially  for  tlie  form 
of  operation,  but  taken  as  they  ordinarily  present  themselves.  The  main 
disadvantages  of  the  combined  extraction  are  the  deformity  produced  by 
the  iridectomy  and  tlie  blimlins  elfect  of  a  large  quantity  of  light  com* 
ing  through  tlie  iieriphery  of  the  pupil.  These,  however,  can  be  largely 
remedied  by  making  the  incision  upward,  thus  bringing  the  arti6ci*I 
pupil  under  the  upper  lid. 

When  cataraut  cases  present  themselves,  the  eye  should  be  carefully 
insjjected  as  to  the  presence  of  any  chronic  catarrh  or  other  conjunctival 
disease,  as  to  the  promptness  and  completeness  of  the  motions  of  the  iris, 
and  as  to  the  tension  of  the  eyeball.  Both  central  and  peripbnal  light 
perception  imd  projectiun  iihould  be  carefully  tried,  and  if  thew  are 
good,  imd  the  patient,  although  old,  is  iu  fiiir  general  health,  the  case 
may  be  considered  an  a  proper  one  for  operation.  Complicated  cataract, 
if  present  on  both  sides,  and  if  offering  any  reasonable  chance  of  sucG«M, 
should  not  always  be  refused,  but  the  increased  dangers  should  be  care* 
fully  explained  to  the  patient.  No  cases  witJi  Incrymal  obstruction 
should  be  operated  on  till  on  attempt  has  been  made  lo  cure  the  disease 
by  the  means  recommended  in  the  chapter  on  the  subject,  because  such  a  ■ 
patient  is  very  likely  to  have  infection  of  the  wound  bv  pus  regurgitation  H 
into  the  eye  m)m  the  lacrymal  canals.  The  urine  sliould  be  examined  I 
for  sugar,  albumin,  and  casts.  A  moderate  purgative — preferably  one 
acting  on  the  liver — should  be  given,  care  being  taken  to  obtain  thoroo^ 
evacuation  of  the  alimentary  canal.  The  patients  shotild  not  be  debarred 
from  their  usual  fresh  air  and  exorcise,  and  any  reasonable  digestible 
food  should  be  permittod.  When  the  time  has  arrived  for  operation,  the 
patient  is  to  be  undressed  and  put  to  bed  in  such  a  position  that  the  eye 
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m»,y  be  thoroaghly  illuminated  by  a  ligbt  from  a  window  eo  arrftfiged 
tlml  any  shadow  troin  the  surgeoD'a  hauda  and  instruments  may  not  be 
cast  ofWD  it.  The  patient  should  be  propped  up  by  pillows,  so  ns  to 
enable  the  surgeon  rendily  to  operate  wlit;n  seated  ou  a  chair  ulung:§ide 
of  ilie  lied  or  when  kneeling  by  the  side  of  it.  In  IiiwpiLjtl  pniciice,  the 
aaihor  is  in  the  habit  of  operating  while  standing  beside  bis  ppinent,  who 
is  placed  on  a  bed.  the  height  of  which  is  easily  regulated  by  a  screw. 
The  face  should  be  carefully  washed  with  Castito  soap  and  water,  and 
the  conjunctival  sac  freely  flushed  with  the  standard  sohition  of  bichlo- 
ride of  mercury  (gr.j  to  Oj).  It  is  very  iuiporiant  to  test  the  sharpness 
of  the  knife  and  other  instrument)*,  inasmuch  as  the  ability  to  produce 
a  clean  and  properly  sbaped  wound  without  wmtusion  or  dragging  of  the 
tisanes,  will  largely  depend  upon  thiH.  The  surgeon's  handy  Khonid  be 
abaolutely  clean,  and  nis  instruments,  which  have  been  freshly  washed 
with  abaolute  alcohol  and  wiped  on  a  clean  linen  or  on  absorbent  cotton, 
should  be  put  upon  a  trav  hold  by  .in  assistant  or  laid  within  reach. 
Prior  to  the  inlnjductiou  uf  cocaine,  it  was  advisable,  in  most  instances, 
10  place  the  [Mitient  under  tlie  inllufnt-'O  of  ciher.  pushing  it  to  abaolute 
insenuhility  of  the  cornea  and  relaxation  of  the  cyc-rousclcji,  but  at 
pretfent.  the  iostillation  of  a  few  drops  uf  a  two  per  cent,  solution  of 
tDuriate  of  cocaine  into  the  conjunctival  sac,  is  suftlcient  to  produce 
anaesthesia  of  the  conjunctiva  and  cornea.  If  a  previous  instillation  has 
been  made  from  twenty  minutes  to  half  an  hour  before  operating,  dila- 
tation of  the  pupil  and  a  dulling  of  the  sensibility  of  tbc  iris  is  obtained. 
If  the  eurgeou  he  alone,  the  lids  should  be  separated  by  u  spring  specu- 
lum. If  not,  hi.H  a.<tsiAtant  should  carefully  lift  the  upper  lid  with  an 
elevator,  taking  care  not  to  press  upon  the  eyeball  with  it.  If  it  be 
decided  to  do  an  i>peration  without  iridectumy,  the  knife  sliould  be  so 
directed  as  to  detach  one-half  of  the  circumference  of  the  cornea  from 
the  limbus,  the  entire  incision  lying  in  the  corneal  tissue. 

If  an  iridectomy  be  intended,  the  points  of  entrance  and  exit  should 
be  in  the  inner  part  of  the  limbus,  and  the  incision  so  completed  that  a 
small  conjunctival  tlap  filial]  bo  lefl  at  the  upper  part  of  the  wound.  To 
some  extent,  the  flap  in  in  the  way,  both  in  cutting  thci  iris  and  in  pre- 
venting a  view  of  it  aud  of  the  anterior  chamber.  It  adheres  so  tightly 
to  the  subjacent  pclera  when  replaced  in  its  proper  position,  however, 
that  the  anterior  chamber  is  very  soon  restored,  and  the  wound  is  much 
lees  likely  to  be  sprung  by  any  incautious  movement  on  the  part  of  the 
patient.  At  times,  there  may  be  free  hemorrhage  from  the  conjunctival 
flap,  its  occurrence  constituting  one  of  the  objections  to  ibis  melliml  of 
openuing.  If  this  hajinens,  the  eye  Klnmhl  be  nhut  and  the  hem- 
orrhage arrested  hv  gentle  prtMiAure  on  the  clotted  lids  with  a  wad  of 
cotton.  When  a  clear  view  of  the  iris  has  once  more  been  obtained,  a 
delicnte  pair  of  forceps  should  be  carefully  introduced  into  the  anterior 
chamber,  and  the  iris  seized  a  little  distance  from  its  pupillary  margin  and 
.gently  pulled  out  of  the  wound.  While  held  in  this  position  and  in  a 
tffate  of  slight  tension;  it  should  be  divided  by  a  single  upward  cut  of  the 
nApDts.  If  the  iris  lies  prolupacd  ni  the  wound,  it  is  suQicient  to  seize 
Kft«xtended  portion  and  cut  it  off.  If  bleeding  occurs  into  the  anterior 
chamber,  an  endeavor  should  be  made  to  stop  it  by  gentle  pressure  or  by 
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icp-oolil  or  very  hoi  compresses.  After  removing  anj 
in  the  wound,  with  the  iris-forceps,  the  blood  in  the  anterior  rhAmber  » 
to  be  gently  stroked  out  bv  pressure  on  the  closed  lid  with  the  Soger. 
If  the  cataract  be  over-ripe,  or  if  the  capsule  be  thickened,  the  ame 
1id-roaDt£uvre  should  be  repeated  to  see  whether  the  posterior  part  ot 
the  latter  is  sufUcientlv  looaened  from  the  hyaloid  to  enable  the  lens  to  be 
extracted  in  its  capstile.  If,  as  will  be  the  cn»e  in  matt  inntanceft,  we  fail 
to  do  this,  aud  Snd  that  the  lens  does  not  dislocate,  we  should  take 
a  cjiititome,  and  by  a  triangular  or  quadraogular  incision  try  to  cut 
out  a  portion  of  the  capsule.  If  this  be  unsuccessful,  we  should 
endeavor  to  make  a  lur^c  opcninjc;  in  it.  Kcmovine  the  cystitome,  vo 
should  prcBs  gently  on  the  lower  edge  of  the  cornea  in  a  direction  back- 
ward and  upward,  either  with  a  suiuoth  and  elastic  tortoUe-sbell  curette 
or  by  means  of  the  finger  on  the  closed  lid.  If  tlie  capsule  has  hi-cn  suffi- 
ciently opened,  the  lens  will  present  its  edge  in  the  wouml,  when  it,  to- 
gether with  any  reoiaining  fragments  of  cortical,  can  be  gently  coaxed  ont, 
by  a  continuance  of  the  same  tnanteuvres.  We  abould  persist  in  oor 
endeavors  until  a  clear  and  black  pupil  is  obtained.  The  patient  should 
then  be  nhle  readily  lo  count  lingers  hcM  at  a  distance  of  one  foot  in 
front  of  the  eye.  If,  however,  after  cutting  the  capsule,  a  ciMr  black 
space  at  the  opposite  side  of  the  pupil  ia  seen  upoa  the  first  attempt  at 
pressure  on  the  eye,  it  may  he  certain  that  the  suspensorr  ligament  ha:<i 
given  way,  and  that  a  loop  of  vitreous  is  pref«nting.  Perst»tence  io 
attempts  to  evacuate  the  lens  by  pressure  will  then  be  futile,  causing 
more  vitreous  to  prolapse,  and  dislocating  the  lens  and  pushing  it  still 
farther  from  the  wound,  A  wire  loop  should  be  then  introduced  behind 
the  len.s,  and,  by  gently  bringing  it  forward  and  toward  the  wound, 
the  cataract  is  to  be  removed.  Such  au  accident  i»  usually  very  disad- 
vantJigeouB,  because  it  prevents  the  remu^'al  of  all  the  len»-fr»giueni« 
from  the  anterior  chamber,  where,  by  their  swelling  and  pressure,  they 
are  likely  to  irritate  and  inQanie  the  iria.  If,  however,  we  have  suc- 
ceeded in  removing  the  lens  without  rupture  of  the  hyaloid  membrane, 
the  anterior  chamber  shouhl  be  carefully  examined  to  see  if  any  fragmwits 
of  cortical  matter  remain  in  it.  If  they  are  present,  an  endeavor  lo  get 
rid  of  them  bv  a  continuation  of  the  usual  mnn<vuvr«  should  be  mMe. 
At  this  stage,  Panas  and  many  other  operators  take  a  small  syringe  with  s 
blunt  beak,  and,  placing  the  latter  in  the  lipsof  the  wound,  cndearor  to 
wash  any  cortical  from  between  them,  and  also  thoroughly  to  disinfect 
the  cut  edges  with  a  weak  solution  of  bichloride  of  mercury.  Some 
surgeons  attempt  thus  to  wash  out  thcanicriorchambcr.  In  the  opinion 
of  the  author,  it  is  better  to  remove  any  cortical  by  the  methods  pre- 
viously indicated,  and  to  disinfeet  the  wound  by  instilling  a  warm  solu- 
tion of  boracic  acid  into  the  conjunctival  s.ic  and  diffusing  it  by  manip- 
ulating the  lids  with  the  6ngers.  If  the  iris  has  prolapsed,  it  should  be 
gently  replaced  hv  a  horn  or  tortoise-shell  spatula,  and  a  solution  of 
eseriue  iostilled.  If  iridectomy  ha«  been  performed,  snd  the  cut  edges 
of  the  iris  are  caught  in  the  wound,  they  should  either  be  seized  with  the 
iris-forceps  and  cut  off.  or  be  carefully  replaced  with  the  spatula  whilst 
the  iris  is  stimulated  to  contraction  by  gently  rubbing  the  cornea  with 
the  fingers  placed  on  the  closed  lid.  lonsmucb  as  the  sphincter  has  been 
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ilestroveil,  bat  littlt;  can  lit;ex|it'CU!<l  fwm  the  instilliition  of  eseriiifl.  If 
there  has  Iwen  any  prerioiis  tendono.y  to  glnucatna,  the  cscrinc  instiUn- 
tioQ  sboQld  never  be  omitted.  On  tiie  other  hand,  where  there  has 
been  previous  inQamniation  of  the  iris,  or  wliere  the  existence  of  pos- 
t*rior  synechi*  renders  iritis  probable  after  the  operation,  atropine 
should  be  at  once  dropped  into  the  conjunctival  sac.  ^Vhen  the  anterior 
dumber  has  been  cleared  of  all  blood  or  lens- remnants,  or,  at  least, 
of  all  that  can  be  removed  without  risking  rupture  of  the  hyaloid  and 
rkM  of  vitreous,  the  conjunctival  Hap  should  he  carefully  replaced.  If 
'»0  such  flap  has  been  made,  it  should  be  seen  that  the  1  ips  nt  the  wound 
•re  in  apposition.  Af^er  cleaning  the  conjunctival  sue,  the  eye  should 
be  gently  closed.  Small  pieces  of  aseptic  gauze,  freshly  saturated  with 
a  solution  of  bichloride  of  mercury  1 :  4000,  should  then  he  placed  over 
each  eye,  and  u|ri[i  thix  enough  disinfecterl  absorbent  cotton  to  fill  out 
the  orbit  should  be  placed.  These  wada  are  to  be  gently  held  in  position 
by  light  turns  of  a  tlanneS  roller  bandage.  If  the  patient  be  in  bed,  the 
pillows*  shouhl  be  so  adjusletJ  as  to  make  him  comfortable.  If  he  be  on 
sn  operating-table,  he  should  be  carefully  lifted  into  bed. 

The  light  of  the  room  should  be  so  tempered  and  arranged  that  no 
direct  rays  shall  foil  on  his  face.  At  the  some  time  there  should  be 
suSicient  light  to  enable  the  attendants  to  move  about  comfortably,  and 
to  read  to  the  patient  if  de^tlmble.  For  several  hours  there  is  usually 
some  slight  itmarting,  or  a  feeling  an  if  sand  were  in  the  eve.  Sometimes 
the  tears  accumulate  and  give  discomfort  till  they  find  their  way  out  of 
the  conjunctival  sac.  If  severe  pain  sets  In,  the  bandage  shouhl  be 
removed,  the  lower  lid  gently  pulled  down,  a  solution  of  atropine  or  of 
byoscine  instilled,  and  the  bandage  replaced.  It  is  very  important  that 
the  patient  should  remain  <[uiet  for  the  first  twenty-four  hour;;.  He 
should  re«9t  any  inclinatinm  to  cough  or  to  blow  the  nose,  and  should 
avoid  any  efforts  to  raise  himself  in  bed,  to  strain  at  stool,  or  to  chew 
hard  &>od.  These  injunctions  should  be  strictly  enjoined,  as  any  such 
motions  have  a  tendency  to  open  the  wound  and  delay  healing,  or 
perhaps  to  cause  hemorrhage,  prolapse  of  the  iris,  or  even  loss  of  vitreous 
humor.  When  aconjuciival  (lap  is  made,  or  when  the  incision  is  linear, 
all  such  accidents  are  much  lets  likely  to  occur,  as  the  wound  has  less 
tendency  to  gap<*.  The  enforceil  <[uict,  however,  is  very  distressing  to 
many  patients,  and  they  get  backaclie,  and  feid  the  necessity  of  chang- 
ing iheir  position.  To  do  this  propcrlv  the  nurse  takes  the  patient  9 
two  hands  in  his  one  hand,  and  puts  his  other  behind  the  patient's 
neck,  and  then  gently  raises  him.  At  the  sjime  time,  an  a^istant 
places  pillows  or  a  bed-chiiir  behind  him,  so  that  the  patient  may  sit 
up  in  bed.  Male  paticniM  t*hould  be  encouraged  to  use  the  urinal 
within  a  few  hours  after  the  operation,  as  retention  of  urine  and  the 
use  of  a  catheter  may  Uius  be  often  avoided.  If  the  patient  has 
no  pain,  the  bandage  should  he  removed  at  the  end  of  twenty-four 
hours,  and,  while  be  keeps  the  lids  closed,  they,  with  the  lashes  and 
brows,  should  be  gently  washed  with  a  stream  of  boracJe  acid  solution 
from  a  large  pipette.  Any  mucus  or  discharge  adhering  to  the  lashes, 
should  be  carefully  removed  by  u  wad  of  abs<jrbent  cotton  wet  with  the 
same  solution.     If  there  bo  no  swelling  of  the  lid  nor  increase  ofaecro- 
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tion  from  the  conjunctiTal  sue,  the  surgeon  may  usually  be  quite  sure  tb 

the  ere  ia  doing  vrell.  Inasmuch,  however,  as  there  may  be  considerate 
inflammation  of  tlie  cornea  without  these  symptoms,  in  many  fcehle  ar^v^ 
(lebilitated  patients,  the  author  ia  in  the  habit  of  gently  pulling  doir'  ^ 
the  lower  liil,  while  the  patient  is  told  to  opeu  hie  eye,  chua  eoabliiiL  _^ 
him  to  inspect  the  cornea  and  anterior  chamber.  In  such  cases,  he  genii 
fliislies  the  conjunctival  sac  with  a  lukewann  solution  of  boracic 
followed  It;  an  iriflt illation  of  a  few  drops  of  atropine.  It  is  itnportan 
to  have  these  and  all  other  collyria  warmed  to  a  hloodheal,  the  patien 
not  being  so  apt  to  start  or  strain  as  he  would  were  they  used  of  the 
temperature  of  the  room.  Care  should  be  also  taken  to  see  that  al/ 
mydriatic  and  myotic  solutions  are  absolutely  neutral  to  litmus-paper, 
as  othervriso  they  mig;ht  cause  much  discomfort  and  smarting.  If  the 
patient  be  feeble,  his  strength  should  be  supported  by  meat  easence  anJ 
mitk-punch,  and  he  sboulu  he  got  out  of  bed  and  allowed  to  sit  in  a 
chair  alongside  of  it.  If  he  hears  confinement  well,  it  is  better  that  be 
should  remain  quiet  in  bed  till  the  tbiitl  or  fourth  day.  The  eyeabould 
be  washed  daily.  The  bandaf^e  should  be  reapplied  at  each  dressing, 
but  should  not  he  removed  permanently  till  the  fifth  to  the  seventh  day. 
Wheu.owing  to  the  chronic  coujutictivitis,  the  eye  bears  buudaging  badly, 
and  the  conjunctiva  secretes  any  considerable  ijunntity  of  mucoid  ortnnco- 

Iiuriilent  matter,  the  bandage  should  bo  removed  as  soon  as  the  wound  ia 
lealeil,  and  a  pair  of  dark  glati^es  given ;  the  patient  being  sheltered 
from  direct  light  falling  on  the  eye.  If,  owing  to  delayed  union  of  the 
wound  or  prolapse  of  the  vitreous  accompanied  by  an  increasing  muco- 
pui-ulont  discharj^e  from  the  conjunctiva,  it  beoomos  desirable  to  remove 
tile  bandage  permanently  befure  the  incision  is  6nallv  united.  »  strip  of 
i.'^ingtaKs  plai^t(>r,  hall  an  inch  in  breadth,  applied  vertically  over  the 
upper  and  the  lower  lid  about  tiie  median  line,  may  be  used  instead. 
Although  it  is  advantageous  to  have  a  room  where  the  light  can  be 
regulated  by  shades,  yet  it  is  not  at  all  necessary.  In  conGrmation 
of  this  fact,  the  nuthor  has  for  many  years  treated  nil  his  casefl  at 
the  University  Hospital  in  the  general  surgical  ward,  where  each  bed 
has  a  screen  at  its  foot  to  prevent  direct  light  from  the  opposite  windows 
from  falling  on  the  patient's  face.  In  every  case,  the  eyes  were  pro- 
tected by  bandage,  dark  i^his^es,  or  a  fort^head-shndo,  according  tu  the 
stage  of  the  healing  ond  tlic  degree  of  irritation  following  the  operation- 
Patients  are  usually  able  to  go  out  into  the  fresh  air  in  from  two  to  three 
weeks.  Tliey  slioufd  be  wiildied,  however,  and  some  mydriatic  should  be 
occasionally  instilled  into  the  eye  as  long  as  a  walk  in  the  wind,  or  other 
slight  irritant,  causes  the  eye  to  flush  and  water.  To  judge  the  progress 
«f  the  case,  vision  may  be  tested  at  almost  any  time  after  a  week.  No 
spectacles  should  be  given,  nor  any  reading  allowed,  until  two  months 
after  the  operation,  OS  the  congestion  of  the  eye  necensarily  dependent 
upon  convergence  and  near-work,  has  a  marked  tendency  to  augment 
and  keep  up  any  low  gnule  of  inflammatory  action  in  the  capsule,  and 
thus  favor  the  umualion  of  secondary  cataract. 

Notwithstanding  the  vast  mass  of  statistics  published  on  the  subject, 
•wo  arc  slill  far  from  bavtDg  a  satisfactory  solution  of  the  average  re- 
sults of  the  operation  for  cataract.     The  standards  of  sdoc«3$  among 
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[iflerent  operators  are  widely  different,  the  manner  in  which  acuitj 
if  vision  is  determined  is  in  many  cases  unsatis factory^  and  the  date  of 
[tft  detcnninatioD  is  of^en  not  mentioned.  Further,  a  statement  nn  t«  the 
'atnouDt  of  Astigmatism  developed,  the  accidents  during  convalescence, 
and  the  result  six  months  or  q  year  after  operation,  are  often  entirely 
vanting.  Arlt'  hns  given,  »»  tlie  rwult  of  his  ^-usl  exjjericnce,  the 
followiug  Htateraent :  Of  nine  hundred  and  fifty-fonr  eyes  operatofi  upon 
by  the  oid-fftihioned  flap  extraction,  there  were  6D,70  per  cent,  of  suc- 
cesses, 24.24  per  cent,  which  could  probably  have  been  bettered  by  a 
secondary  operation,  and  G.06  per  cent,  of  absolute  to&9.  The  Mine 
author  states  that  out  of  one  thousand  and  seventy-three  cases  of  ex- 
traction by  the  peripheric  linear  method  of  Von  Gniefe,  there  were  8S.T2 
per  cent,  of  successes,  10.61  per  cent,  that  could  probably  have  been 
bettered  by  secondary  operations,  and  O.tiT  per  cent,  of  total  loss.  More 
recently,  Knapp^  has  reported  one  thousand  oase«  of  extraction  with 
iridectomy,  with  85.4  per  cent,  of  successes,  ft.3  per  cent,  of  half- 
successee  (t. «.,  vision  6/60  or  loss),  and  6.:J  per  cent,  of  absolute  loss. 
Becker,^  adopting  the  sume  standard  of  success,  has  reported  eleven 
hundred  and  thirty-four  ojjeratJons  of  extraction  with  irJdeclomy.  lie 
ffi**e8  8*>.3  per  cent,  of  succfssoa,  9.4  per  cent,  of  half-aucceasea,  and 
4.2  per  cent,  of  absolute  loss.  In  Knapp's  statistics,  13  per  cent,  of 
tbe  operations,  and  in  Becker's,  14.7  per  cent.,  were  done  in  cases  of 
oomplicat<wl  cataract. 

Amongst  some  of  the  accidents  which  may  occur  during  the  operation, 
arc:  1.  Loss  of  vitreous.     This  may  take  place,  where  myopia  or  other 
^  pathological  process  has  caused  6uid  vitreous  and  weakening  of  the  zon- 
Bnla,  no  mutter  how  carefully  and  skilfully  the  operation  is  performed.    It 
^Hialso  often  pnxluced  by  straining  on  the  part  of  the  patient,  or  through 
^^^■nlesaness  or  clumsiness  of  the  surgeon.     If  it  occurs  during  the  com- 
pletion of  the  corneal  incision,  the  operator  has  the  choice  of  bandaging 
the  eye  and  abstaining  from  any  further  attempt  to  remove  the  lens,  or 
of  going  on  with  the  operation.     If,  however,  the  loss  of  vitreous  occurs 

Palter  the  opening  of  the  capsule,  it  is  necessary  to  extract  the  lens  by 
a  wire  loop  or  spoon,  the  risks  ensuing  from  tlie  additional  loss  of  vit- 
reous being  less  than  those  fmni  allowitig  the  disloL'ated  and  lacerated 
lens  to  remain  in  the  eye.  If  the  prol-ipse  of  the  vitreous  he  small,  it 
will  oElen  of  itself  draw  back  into  the  eye  within  the  first  few  hours 
after  operation.  Whore  it  is  large,  it  is  best  to  excise  it  with  a  scissors. 
If  it  is  allowed  to  remain,  it  renders  the  cicatrization  slower ;  the  pro- 
trudirig  portion  gradually  becoming  opaouc  and  being  finally  thrown 
off.  The  bursting  of  the  hyaloid  is  not  of  itself  neceasarily  deleterious. 
Some  operators,  such  as  llasner,  have  even  recommended  its  punc- 
^  ture  with  a  needle  after  the  completion  of  the  operation,  to  allow  the 
H  vitreous  to  come  forward  into  the  space  left  by  the  extraction  of  the 
^^lens.  Logs  of  vitreous,  if  moderate,  often  does  not  materially  interfere 
with  the  result  of  the  operation,  but  it  is  always  an  element  of  danger. 
Where  it  is  considerable,  it  may  lead  to  chorioidut  hemorrhage  and 
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(ktacliLuent  of  lite  retina.     It  may  also  open  the  road  to  infectioa,  >imI 
give  rise  to  pan  ophthalmitis. 

2.  Ilemorrbage.  Id  operations  in  which  the  iris  is  cut,  hemorriiage 
from  its  divideii  vessels  into  the  anterior  chamber  obscures  the  field  oi 
operation,  und  remlera  the  capsulutoui^  morv  difficult  aud  leaa  accuntc 
Although  blood  remaining  in  thu  nnterior  chsiniber  delays  coDvalesnoee, 
it  19  usually  readily  absorbed.  If  hemorrhage  from  behind  the  iris 
appears  during  the  upuration.  it  is  a  sign  of  degeneration  of  the  vesedla 
of  the  chorioid,  and  is  fatal  to  the  eye.  It  is  a  rare  accident  when 
there  has  not  b«;en  some  previous  evidence  of  glaucoiua. 

S.  Collapse  of  the  cornea.  As  Arlt  hn»  pointed  out,  this  takes  pbec 
ordinarily  where,  owing  t^  absorption  of  the  orbital  fat,  the  recti  u4 
urliictiluris  mu.'^cles  exercise  less  pressure  on  tlie  eyeball  than  mul. 
allowing  iitmo»pheric  prcft^uro  to  tirire  the  comeA  inward.  In  coast- 
(juence  of  the  absolute  relaxation  of  these  muscles  in  complete  narcwM, 
it  is  ulso  mure  frerjuent  wlien  the  operation  li  performed  under  t&is 
condition.  Wrinkling  of  the  comoa  prevent*  the  surgeon  from  »e«Bg 
properly  to  cut  the  capsule,  and  the  ^i^ncriil  ttabbiness  of  the  globr 
renders  tlie  aubscciuont  expulsion  of  the  lens  and  remaining  eortial 
fragments,  difficult.  These  manoeuvres,  however,  can  be  facihtated, 
and  the  influence  of  tlie  muscles  he  replaced,  to  some  extent,  by  genilr 
pressure  on  the  eyeball  by  means  of  the  fixation  forceps. 

4.  ilemnants  of  cortical  matter.  If  these  are  not  readily  remorcd 
by  stroking  manipulations  on  the  cornea,  either  throngh  the  lidsorbT 
a  spatulu  acting  on  it  directly  (white  the  posterior  lip  uf  the  woiuid  i> 

fently  depressed  with  a  second  spatula),  it  is  best  to  leave  them  in  titu. 
'his  should  be  the  rule  except  where  they  are  situated  at  the  upper 
part  of  the  anterior  chamber.  If  they  are  in  this  position,  they  vaj 
he  removed  cither  by  the  rareful  use  of  the  Daviel  spoon,  or  Irr 
irrigating  the  lips  of  the  wound  by  the  introduction  of  the  beak  wf  a 
suitable  syringe  and  gently  washing  the  wound  witli  a  weak  solntio* 
of  hiniodide  of  mercury  according  to  the  method  of  Punas,  or,  prefer- 
ably, with  one  of  boric  acid.  The  uae  of  even  a  weak  (I  to  10,OW) 
solution  of  bicliloride  of  mercury,  cIoud.i  the  cornea.  The  amhor  h«- 
lieves  that  thorougli  washing  of  the  anterior  ohamber,  so  as  to  free  it 
nnd  the  uapaular  sac  of  all  loose  remnants,  is  in  most  instances  injo' 
dicious  and  dangerous.  Fragment-s  at  the  bottom  of  the  antenof 
chamber,  which  arc  not  readily  evacuated  by  manipulation,  are  hot 
]cfi  in  poiiition,  trusting  to  their  subsequent  absorption  by  the  aqiiMO 
humor. 
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OwiNti  to  the  transparency  of  the  retina  and  iia  abundant  supply  of 
bloodvessels,  ta  well  us  tu  the  delicacy  of  its  fibru-laver  and  that  of 
the  htuul  of  the  optic  nerve,  TrequenC  nnd  ndininible  op)Kirtimiti(^ 
are  obtained,  not  only  to  study  cliange-s  of  transparency  and  color  in 
tlitise  organs,  but  also  to  note  altcmiions  In  their  bloodvessels  and  in 
the  color  of  ihe  blood  that  circulates  within  them.  Although  these 
delicate  tissues  are  protected  from  sudden  variations  in  temperature 
ond  from  wounds  by  the  eyelids  and  the  more  snperfieiftl  parts  of 
the  eye  (thus  comparatively  seldom  givin^j;  opportunity  for  the  study 
of  purely  local  inflammation),  ,vet,  ilk  a  matter  of  fact,  there  are  but 
few  severe  diseases  or  ilyscrasiH*  in  which  patlifilogicnl  changes  in  the 
retina  and  the  optic  nerve  are  not  frequently  encountered.  Tn  order  to 
note  them  and  to  get  a  rapid  and  correct  idea  of  their  location  in  the  eye- 
ground,  our  attention  is  usually  tirsc  turned  to  the  optic  disk.  This,  which, 
as  previously  shown,  measures  from  one  and  a  half  to  two  millimeters,  in 
reality  appears  from  nine  to  eighteen  milliraetcrs  in  diameter,  as  seen 
under  the  compound  magnifyitig-glaits  of  the  cornea  and  lens.  Although 
anatoniicallv  it  is  nirely  circular,  yet,  owing  to  the  freiiuertt  presence 
of  astigmatism  and  to  the  fact  that  the  shorter  curve  of  the  cornea  is 
ordinarily  approximately  vertical,  it  is  generally  seen  as  an  upright 
oval.  As  a  rule,  its  color  is  yellowish-white,  with  a  pinkish  or  reddish 
tinge.  This  is  due  to  the  varying  capillarity  of  its  nerve-fibres.  Its 
peripheral  edge  is  indicated  by  a  narrow  white  line,  more  or  less  com- 
pletely encircling  it,  which  in  turn  is  bounded  by  broken  lines  or 
iiQa«sings  of  pigment.  The  white  line  i»  termed  the  *chrotic  or  con- 
neetive-titofue  rmg.  The  pigmented  line  is  called  the  chorhidtil  ring. 
Tlie  surfiico  of  the  disk  in  frequently  not  curved  to  correspond  with  the 
curve  of  tiie  surrounding  retina,  being  generally  more  prominent,  and 
hence  called  the  optic  papilla,  Ophtlialmoscopically,  it  varies  much  in 
aspect  according  to  the  manner  in  which  the  nerve-fibres  divide  in  it  as 
they  pass  into  the  retina,  causing  it  in  some  instances,  when  they  turn 
abruptly  in  its  level  without  separating  into  bundles,  to  appear  nearly 
flat  and  to  correspond  in  curvature  with  that  uf  the  retina.  Fre- 
quently, there  is  a  F^o-called  pit  or  exeavalion,  which,  oti  aecioiiiit  of  the 
reflection  of  light  from  iw  Hide*  iuid  bottom,  appears  whiter  and  more 
luminous  than  the  surrounding  nerve-tissue.  Tliis  is  owing  to  the 
nerve-fibres  dividing  into  bundles  as  they  enter  the  eye,  and  [liverging 
from  ooe  another  before  they  reach  the  retinal  level.  These  physio- 
logical excavations  vary  greatly  in  size.  Sometimes  they  form  conical 
pits,  and  at  other  times,  ihey  are  larger,  with  sharp-cut,  underminetl 
edges.     On  focuseiug  for  the  bottom  of  ihem.  they  appear  sjxitted  when 
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UiejT  are  wide  and  deep.  Tliis  is  caused  by  the  meehes  of  the  lamina 
cribrosa  reflecting  more  light  than  the  nerve-fibres  which  pass  through 
them.  As  there  must  always  be  room  for  tlie  bundles  of  Den'e-fibres 
which  branch  out  in  the  retina  in  every  seeing  cyo,  no  physioloKical 
«xcaviition  can  ever  e:ttenil  out  to  the  connectire-tiasue  boundary  of  the 
disk  or  scleral  ring.  Owing  to  the  extreme  tnLnsjiorency  of  the  ncrve- 
flbrefi  in  some  instances,  it  becomes  difficult  to  recognize  the  exact 
extent  of  the  excavation  ophthalmoscopically.  As  is  shown  by  atu- 
tomical  inve6ti<^tion,  these  dcpre-ssions  oflen  appear  larger,  especially 
to  the  temporal  side,  where  the  fibre-layer  is  thinnest. 
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Fig^  263  and  264  repreeent  a  large  physiologicml  |Mt  u  Hen  by  lli« 
ophthalmosoope  daring  life^and  in  the  retina  under  die  mionMCOpe  after 
uttli.  It  is  deepest  near  the  upper  temporal  margin.  The  retinal 
venels,  having  pierced  the  nerve  behind  the  globe,  ent^r  the  eyeball 
ncariy  to  the  centre  of  the  optic  disk.  If  there  be  a  physiologlcu  pit, 
the  vwsels  generally  enter  iu  it  or  at  one  of  its  borders.    Owing  to  the 
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iict  that  the  vctssels  often  divide  ileep  in  the  optic  nerve,  their  apparent 
;  number  is  v&riahle.  At  timed,  they  become  viitible  U)  the  ophtliulmu- 
wopc  AS  two  tronlcs,  and  do  not  divide  until  they  have  nearly  reached 
the  retinal  lerel.  The  variations  and  anomalies  in  the  distribution  of 
tfaeee  arteries  and  veins  are  as  great  and  as  freciuent  as  those  found  In 
other  organs  of  the  body.  Study  of  the  reproduction  of  Jaeger's  plate 
of  normal  eye-j^ rounds  numbered  1  and  2,  facing  page  4-19,  will  make 
the  average  distribution,  a.s  shown  on  page  73,  reiuiily  understood. 
Just  inside  of  the  cribriform  fascia,  the  central  retinBl  artery  gives 
off  branches  which  form  an  arterial  circle  which  anastomoses  with 
the  short  ciliarj'  arteries  that  enter  the  chorioid  near  the  optic  nerve. 
By  reference   to  Figs.  244  and   246,  showing   the  sclerotic  arterial 

FIU.3M. 
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anastonioses  found  in  the  healthy  eyes  of  a  child  and  of  an  adult,  it 
will  bo  seen  that  a  small  but  important  anaslomosia  is  here  Ibnaed 
between  the  circulation  of  the  retina  and  that  of  the  chorioid,  which 
in  congestion  and  inflammation  uf  the  latter  meuibrane,  causes  the 
incrcAsed  vascularity  of  rhi.s  circle  and  its  branches  to  be  seen  as  a 
dull,  deep-lying  rednoaa  of  the  optic  nerve.  Besides  this  anastomosia, 
a  so-called  "errant  vessel "  may  be  found  at  the  outer  side  of  the  disk. 
which,  springing  from  the  short  ciliary  arteries,  enters  obliquely 
through  the  optic  nerve  and  istlistributed  through  the  retina.  Fig.-266 
gives  an  excellent  representation  of  tho  ophthalmoscopic  appearances, 
whilst  Fig.  266  shows  a  micrcicopic  section  through  sucn  a  vessel, 
beyond  this  point,  the  central  artery  of  the  retina  is  strictly  an  "  end- 
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artery."  and  does  not  communicate  wiih  any  of  the  vessels  thut  supply 
itic  oilier  tunics  of  the  eye  or  its  eiivelopea. 

TIk*  color  of  the  rctiniil  hlood-c^limmft  w  yt^'lo^f'sh-red  in  tho  srieriea, 
and  pur|ilisli-re(i  in  the  veins.  On  both  sets  of  venselB  In  their  larger 
branches,  but  more  pliiinly  seen  in  the  arteries,  is  u  HKhier  sirenk  or 
line  of  light  running  jilong  their  convexities..  This  phenomenon  has 
given  rise  to  much  discussion,  being  held  by  acme  to  be  a  reQection  of 
light  from  the  wbII  of  the  vessel.  By  others,  for  instance,  by  Loring, 
it  is  8»Id  to  be  a  line  of  concentrate"!  light  which,  reflected  from  the 
underlying  chorioid  und  rotinfl,  'm  concen(ntte<l  by  the  blood-column  as 
by  a  cylindrical  lens.  Others,  such  tin  Jaeger,  lutaert  that  in  ordinary 
circumstances,  the  walls  of  tlic  vessels  liave  so  nearly  the  same  index  of 
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refi';)ction  as  tlie  retina,  that  they  are  invisible,  the  line  of  light  being 
reSccted  from  the  bUiod-column  itself  They  state  thiit  it  ia  therefore 
more  intense  and  better  marked  in  states  of  chlorosis,  than  it  is  when 
the  blood  is  rich  in  albuminous  «leuientii. 

Piifsad'i/t  of  ihe  retinal  hhoJre»eeh.  Probably  one  of  the  moM 
striking  circumstances  noted,  when  for  the  first  time  one  looks  at  the 
retinal  circulation,  is,  that  there  is  so  equable  n  Bow  of  blood,  that  no 
iippnrent  current  and  no  variation  in  the  size  of  the  vcaaels  can  be  seen. 
This  is  due  to  the  minute  size  of  the  vessels,  their  distance  from  the 
heart,  and  the  in)iibitory  and  regulatin;;  ctTect  of  tho  inira-ocular  pres- 
sure Where,  however,  from  any  cause,  the  cardiac  impulse  is  increased, 
or  there  is  alight  incri'ase  in  the  incra-ocular  pressure,  the  so-called 
venous  pulfle  can  he  noticed.  Thii^  i.^  manire!4ieil  by  a  momentarj  emp- 
tying of  one  or  more  of  the  main  venous  trunks  near  their  points  of  dis- 
appearance in  the  substance  of  the  optic  nerve.  Uorc,  the  vein  collapses 
for  a  short  disiiince  and  the  blood  retreats  from  the  optic  nerve  toward 
the  [leiiphen.-,  to  be  followed  by  a  return  rush  of  blood  from  tlie 
y»eri|)hery  toward  the  optic  nerve  again.  This  |(henonienon  can  be 
usually  produced  by  slight  prcsanro  on  the  eyeball  with  the  finger.  The 
explanation  of  its  production  appeara  to  be,  that  where  tlie  intra-venoDs 
and  intra-ociilar  pressures  are  nearly  balanced,  a  slight  increase  of  the 
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latter  miiy  onufte  the  impul.te  of  the  entering  arterial  hlocwl  to  be  trans* 
muted  to  tbe  vitreou;*.     Frou  liere  it  is  thus  extended  directly  to  the 

firoximaJ  extremity  of  the  veins,  where  the  intra-venous  pressure  is 
owest,  before  the  entering  Mood-column  has  found  ita  way  through  the 
capillaries  into  the  x'eins.  When  this  ocrurs.  the  pressures  are  once 
more  equolizcd,  and  the  current  ilowa  steadily  till  llic  cntmncc  of  the 
next  arterial  pulse-wave,  when  the  ])hen<jmeHon  is  repealed  and  con- 
tinues until  the  intru-venous  pressure  heairnes  ei|ual  to  or  higher  thuu 
the  intra^nrular  piv^vinre. 

Arterial  puhn  in  the  reUna.     While  the  venoui*  pulse  is  of  common 
occurrence  in  sahjecis  in  whom  both  the  constitutional  and   tlie    local 
conditions  are  healthy,  the  yccurrence  of  arterial  pulse  is  always  a  sign 
of  serious  disturbance  either  in  tiie  eye  itself  or  in  the  general  circufa- 
Ftion.     It  may,  however,  be  artificially  produced  at  all  times,  by  oxer- 
iderahle  pressure  on   the  eyeball  with   the  finger.     When 
it  indicates  a  great  dienroportion  between  the  intra-arterial 
and  the  intra-ocular  pressures.     \V  here  it  is  found,  we  may  be  .^ure  of 
the  presence  of  soinetbin^  which  causes  undue  diminution  of  tlic  first 
or  auf^eniAtion  of  the  second  beyond  the  normal  standard.     In  short, 
wherever  the  iutra-oc'utar  pressure  is  much    above  the  intnt-urterial 
pressure,  the  heart  has  only  the  power  to  force  the  blood  into  the  eve 

•  during  its  systole ;  while  during  the  period  lietwcen  the  pulse-waves,  the 
intm-oGular  pressure  closes  the  calibre  of  the  artery,  and  thus,  by 
momenlarily  preventing  the  passage  through  the  nrtery,  gives  rise  to 
the  formation  of  a  visible  pulsation  in  the  vessel.  We  may,  therefore, 
with  a  normal  inlra-ocular  pressure,  find  a  pulse  in  the  retinal  artery 
from  any  cause  which  materially  reduces  tbe  intra -arterial  pressure. 
Thus,  it  is  freijuently  seen  in  vtiae^  of  rniirhed  aortic  insufficii'ncv  with 
regurgitation,  in  aneurism  of  the  arch  of  the  iiorta  or  of  the  carotids,  or 
temporarily,  in  thefailureoftliehenrt-impulseduringan  attack  of  syncope. 

■  On  the  other  hand,  where  tliere  is  a  mivrked  increase  of  intra-ocular  pres- 

■  sure,  as  in  those  cases  of  glaucoma,  where  blood  is  excluded  from  the  eye 
except  during  the  maximum  of  intia-va^cutur  pressure,  it  may  also  ho 
found. 

The  remainder  of  the  eye-ground  presents  a  yellowish-brownish  red 
color.  This  is  due  to  the  reileetion  of  light  froiu  tiie  pigment  in  the 
epithelial  laver  of  the  retina  and  the  vasculiir  interspaces  of  the  chorinid. 
as  well  as  from  the  red  blood  circulating  in  tbose  vessels  and  capillaries 
of  the  latter  meinhmnc,  which  iire  too  small  to  be  visible  under  the 
magnifying  power  i'>f  the  lenses  of  the  eye.  Tiio  cliorioid  appears  gran- 
ular, not  because  the  individual  pigtnont  cells  arc  seen,  hut  by  reason  of 
the  observer's  ability  to  ap|vre«!iate  their  groujiing  within  a  capillary  loop. 

■  Bycjtreful  focusiiiiigwith  weak  light,  he  can  distinguis^b  the  thlu,  whitish 
H  veil  of  the  retina  spreji<l  out  over  the  cborioid.    Tt  vnn  be  recognized  most 

■  easily  near  the  disk,  where  ils  fibre-layer  ir  the  thickest.  In  this  posi- 
tion, tlic  disposition  of  ihc  retinal  fibres  can  almost  always  be  followed 
by  careful  focussing.  In  cases  of  disease,  they  often  become  readily 
manifest.  Jn  conse^iueuce  of  the  contrast  with  a  darker  fundus,  tlie 
retina  is  also  much  nioro  plainly  viiiilde  in  darkly-pigiuented  races. 

According  as  the  region  of  the  yellow  spot  is  viewed  in  the  upright 
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or  in  the  inverted  image,  it  appears  very  different.     With  (lie  upright 
imago,  the  entire  macular  region  is  found  to  be  gcnoralljr  more  darklT 

{Hgmcnted,  its  centre  being  free  from  any  veaacls  of  a  aiitc  that  are  viai- 
•le  with  the  ophtli&lmuscope.  The  t'owa  centmlis  is  often  mark«d  by 
a  yelluwiali  relle\.  When  the  same  region  is  studied  by  the  invertm 
image,  with  dilated  pupil,  the  macula,  especially  in  the  young,  appcAn 
as  an  oval  area,  which  is  decidedly  darker  than  the  rest  of  the  eye- 
ground.  At  times,  it  is  surrounde<l  by  a  lighi-yellowiah  curvilinear  reflex. 
f  Anoru<xUf8  often  tncounterexi  and  cotitistrnt  with  tjood  tntiott.  Very 
slight  variutions  in  the  amount  and  diatnbulion  of  tlie  pigment  within 
the  eye,  make  markefl  difftrencM  in  the  appeiirancw  of  the  cyc-ground. 
Than,  in  the  dark  ruces  and,  in  pentons  with  very  dark  hair  and  akin, 

Fio.  fll7. 
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&•  general  color  of  the  fiitidun  is  brownish,  sn  shown  in  Plate  Bae 
page  4;-llt  (No.  2).  In  very  blonde  Biibjects,  the  larger  chorioid  v< 
toward  the  periphery  of  the  eye-ground  can  almost  always  be  seen.  la 
some  casfis,  they  are  visible  throughout  the  entire  fundus,  as  ahovn  in 
Fig.  2i)~.  In  albina^.  there  is  so  little  pigment  in  the  stroma  of  the 
chorioid  at  times,  that  white  light  rcQccted  from  the  sclerotic  between 
llie  vessels  is  found.  In  more  pigmented  individunla,  the  sclerotic  is 
hidden  by  the  pigment  in  the  chorioidal  stroma,  and  ibis  again  by  that 
in  the  epithelial  ccll^  of  the  retina. 

Less  frequent  are  the  iinotnaties  in  the  character  of  the  6br«6  of  the 
optic  nerve  aa  they  bend  over  into  the  i-etin».  Occasionally,  it  is  found 
thai  after  they  have,  its  tiaual,  lost  their  marrow  sheath  at  the  lamina 
cribroaa,  they  become  once  more  ensheathud  in  it  in  the  head  of 
nerve,  or  as  they  paas  into  the  retina.  When  the  medullary  corei 
thu3  reinvests  the  nerve-6bre<i,  they  appear  ophthalmosoopically  ai 
dense  white  and  strongly  light-reflecting  bundles,  instead  of  a  delicate 
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id  almost  transparent  tissue.  Oec^ratlv.  they  are  fringed  at  their 
distal  end,  as  they  once  more  die  out  iti  tUelr  retinal  (listnl)Utii)UK,  In 
exceedingly  rare  instances,  the  sheath  rcuppenrs  further  nn  in  the 
iwriphury,  making  a  detached  white  patch  in  the  retina.  These  bundles 
of  opaque  ncrve-nbrcjt  are  apt  to  nceompany  the  larger  retinal  vessels 
in  their  courae.  At  tiineit,  they  jjartiallv  or  wmpletely  hide  them. 
Owing  to  their  opacity.  iJiev  prevent  defiiiilc  iinagi's  from  being  thrown 
on  to  the  rods  and  cones  neneath  them.  Accordiii^fly.  they  manifest 
their  presence  either  by  an  enlargement  of  the  blind-spot  in  the  lield  of 
vision,  when  they  occupy  the  ordinary  situation  around  tlie  opiic  nerve, 
or  by  the  appearance  of  scotoma  which  correspond  to  the  positions  of 
the  peripheral  patchen.  Inasmuch  ns  they  never  invade  the  macular 
region,  central  vision  remains  unaffected.  Fig.  268  gives  a  representa- 
tion of  a  large  development  of  such  opa'^ue  patches  around  the  optic  disk. 


Flo.  *». 


lere  is  a  marked  difference  iri  thp  appoarancc  of  the  eye-gronnd  in 
childhood  and  in.  old  age.  In  the  former,  the  fibres  in  the  head  of  the 
nenrc  arc  more  transparent,  allowing  the  observer  i-cadily  to  focus 
through  them  on  the  meshes  of  the  lamina  cribrosa.  They  are  also 
more  mpillary,  giving  the  head  of  the  nerve  a  rosy  tint.  The  retinal 
veweU  stand  out  and  are  sharply  defined  from  the  surrounding  tisjiues. 
In  old  age.  the  cnplllarity  h  diminished,  and  owing  to  the  hazinesG 
of  the  nerve-tibres,  the  lamina  becomes  Uvs  visible.  Moreover,  the 
vessels  at  the  nasal  side  of  the  disk  are  moi'e  or  Less  veiled  by  the  over- 
lying scmi-opaqao  retinal  fibres. 

1  times,  variations  in  the  color  of  the  optic  nerve,  which  may  ft  ppar 

'  r  bluish  or  greeuiBh  without  iiny  dt'monsinible  loss  of  acuity  of 

or  peripheral  vision,  and  witlirmt  any  fiifitfiry  of  previous  disease, 

found.     In  the  opinion  of  the  iiutlior,  these  vi)nation.<t,  e!*pecially 

len  they  consist  in  a  dull-gray  appearance  of  the  nerre,  with  perhaps 
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a  brickJust  Kue  in  the  capitlftry  portion!* — whicb  tnar  be  cither  snpef- 
fictal  or  situated  nl  the  chorlolda)  level — are  to  be  looked  n^ja  m'flh 
suspicion  ;  they  serving  either  as  traces  of  foregoing  ill- health,  of  wlitch 
there  has  been  a  failui-e  to  obtain  a  bistonr,  or  as  harbingers  of  im- 
pending trouble.  In  this,  however,  as  in  most  other  clinical  tnaiten, 
experience  is  the  only  ftafc  guide,  end  it  cannot  be  too  strongly  in* 
pressed  on  the  student,  that  men's  eye-grounds  are  as  varioiia  as  ihm 
faces,  ami  that  he  who  liopes  to  succeed  iniint  study  carefully  hundredi 
of  either  of  them,  before  he  will  be  in  c<'>nditic>n  to  make  up  his  nund 
as  to  the  presence  of  slight  pathological  chimges. 

in  almost  all  eyes  which  are  steadily  tasked  with  noar^vurk,  tbi 
inereused  tissue- changes  in  the  retina  become  visible,  pennitDDg  (lif 
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normal  atriation  of  the  retinal  fibre-layer  to  be  more  plainly  seen,  and 
ty    be    followed    to    a    greater    distance  toward  the  ]ieripbery.      The 
fibres  themselvex  become  more  opaque  and  grayer.     When,  owing  to 
over-vfork  and  slow  ilisteniion  of  the  eyeball,  the  refraction  in  vonng 
eves  is  steadily  increasing,  these  appearances  are  still  more  markeil; 
the  fibre-layer  becoming  sufficiently  opaque  and  swollen  to  oliacurr  tlw 
normal  outlines  of  the  optic  disk,  and  often  so  great  as  to  entirely  hi^le 
the  ncrvc-hcad  at  the  inner  margin,  where  the  fibres  arc  thickest.   Tke 
main  venous  trunks  become  sliglitly  distended  ond  are  more  tortuous. 
Their  walls  undergo  tissue-change,  their  lymph-sheatbs  intillrale  with 
fluid,  anil  the  cells  of  the  shenths  become  granular:  each  of  which  ii 
sufficient  to  render  the  above  conditions  visible  to  ophthalmoscopic 
examination.    At  times,  grayish  or  whitish  tnaascscan  be  seen  cncuuig 
the  bloodKnlumna  on  the   optic    disk,   or    extending,    in    gnutnally 
lessened  d^ree,  to  considerable  distances  beyond.      Fig.  26JJ  showj  i 
retinal  McMMveaael  from  a  human  retina,  with  its  lymph-sheath,  isolate] 
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by  tearinj!.  Fig.  270  gives  a  more  highly  tna^rnified  view  of  Mine  of 
tbc  lympfa-clianDels  of  the  retioat  tissue  after  treattnent  of  the  cissue 
bj  nitrate  of  silver. 

In  some  eaMS,  especially  in  tho  youDg,  bright  r«6exes  ulong  the 
smaller  vessels  are  obtained  with  each  turn  of  the  ralrror.  Thef^c  nre  es- 
pecially vwible  where  the  vcsaela  bend  or  turn,  givinp  im  iippoamnce  which 
has  been  likeiw^l  by  some  English  writers  to  "shot  silk."  At  the 
same  tinif,  the  cells  of  the  retinal  epitheliutn  Ijave  become  swollen, 
30  that  each  group  lying  within  a  capiMary  loop  becomes  visible,  causing 
the  chorioid  to  appear  abnormally  granular,  and  giving  it,  at  times,  a 
honeycombed  appearance  where  part  of  the  pigment  has  been  absorbeil. 
When  the  pigment  has  been  aggregated  In  spots,  parts  of  it  may  appear 
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as  if  sprinkled  with  black  pepper.  These  symptoms  are  found  to  A 
greater  or  less  extent  in  almost  all  asthenopic  eyes.  That  they  are  due 
to  the  congestion  caused  by  the  eye-strain  or  over-work,  is  shown  by 
the  fact  thai  tbey  fre([ueutly  either  decidedly  iliminish  or  disappear  after 
tbe  eyes  hare  lieen  sot  at  rest  by  some  strong  mvdriatio  or  have  had  their 
strain  relieved  by  the  use  of  proper  glosses.  In  some  rare  cases,  there 
seems  to  be  so  much  exudation  nnd  swelling,  that  a  dislinct  papillitis 
occurs.  Such  esses,  when  accoinpanied  by  worrying  neuralgia  and  head- 
ache, may  become  so  marked  •■«-'*  to  give  rise  to  difficulty  of  dihgnosis, 
and  producing,  at  times,  iferious  nppreJieneions  of  inlra-craninl  disease. 
Hyperaemia  of  the  retina.  This  condition  may  be  frequently  seen  in 
cases  of  commencing  acute  iritis  and  cyclitis  before  the  media  have 
become  suSiciently  opaque  to  obscure  the  view  of  the  fundus.  In  con- 
finnation  of  this,  either  nypera-mia  or  inflammation  of  tbc  retina  is  almost 
always  found  in  eyes  that  have  been  enucleated  for  cyclitis.  Here, 
as  in  many  other  tissues  of  the  body,  it  is'  difficult  to  draw  the  exact 
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line  between  irritatiou  and  inflammatioD — a  difficulty  irbicb  is  iDcnwJ 
by  the  fact  that  while  one  can  often  see  distinctly  the  morbid  procaecs 
in  the  retina,  he  is  obhged  to  trust  to  the  ^cnse  of  gigbt  alone,  and  i* 
unable  to  measure  tbe  local  increase  of  temperature  in  them  :  il  being 
only  where  the  conjunctiva  is  alone  affected,  or  where  the  entire  eveUfl 
is  inDnmed,  tUul  im  increase  of  tempurature  can  be  demonstrated.  la 
conse<)uenL'e,  tuHiiy  morbid  appciininces  which  possibly  would  be  more 
accurately  defineJ  an  byperiemia  with  oedema,  are,  for  oonv«nKi>ee 
sake,  classed  as  retinitis,  n'hcre  the  foregoing  appearanoes  are  ofhigli 
grade,  especially  if  there  Is  any  marked  impaiiTuent  of  fanction,  And 
wher«  the  tissue'changes  are  accompanied  with  bemurrbage«,  tbe  con- 
dition is  usually  spoken  of  as  retinitig. 

Ri'timd  hemurrhaije.     This  does  not  necessarily  imply  acoompSDyinj 
intlitmmatioii,  hut  when  the  IiemorrhageH  are  numerous  and  are  aceoii' 
pnnied  by  marked  dilatation  of  tbe  veins  and  serous  swelling  of  tb< 
retina,   the  morbid  process  is  usually  denominated  retitiitu  hamor- 
rhaejica.     Where  the  retinal  hemorrhages  occur  in  the  fibro-Iaver,  thej 
are  usually  irregularly  linear  in  outline,  the  blood  following  ifie  counr 
or  tlie  Bbrca.    In  the  deeper  layers,  they  assume  a  more  or  tees  globular 
shape,  this  being  dependent  upon  the  faet  that  the  extravautiMi  meet* 
resistance  to  ita  course  from  tlie  radiating  connective -tissue  6bre«  of 
Miiller.     At  time-H,  small  hemorrhages  may  remain  conBaed  within  the 
lymph-sheath  of  the  bloodvessels,  encasing  tbe  vessels  for  a  short  difr 
tancc.    When  tlie  escape  of  blood  is  large,  it  sometimes  breaks  thmtieb 
the  retina  and  hyaloid  membrane  into  the  vitreous.     At  timec,  a  lituf 
clot  is  found  c-Aught  in  the  passage  thus  forced,  lying  directly  over  tlic 
ruptured  vej^md  and  pointing  to  it.     Generally,  however,  it  is  impoffiible, 
with  the  miLgnifying  power  at  command,  to  trace  any  rupture  of  tiK 
vascular  walls.    For  this  reason,  Leber  is  inclined  to  believe  that  moit 
retinal  hemorrhages  are  ilue  to  diapedesis.     In  some  rare  cues,  \%tp 
hemorrhages,  after  escaping  from  the  fibre-layer,  find  their  way  betweeii 
the  retina  and  the  liyaloid,  nnd  spread  out  as  a  concave  shet^t  over  the 
face  of  the  retina.     Such   hemorrhages,  even   when   they  invade  the 
macular  region,  may  be  entirely  iibsorbed  without  any  impairment  of 
vision.      Large  hemorrhages  which  have  taken  place  in  the  rMlinl 
tissue  proper,  do  direct  damage  to  the  nervous  elements  at  the  time  of 
their  escape  fmm  tbe  vessels  or  during  subsequent  cicatricial  cbugt. 
If  ihey  occur  in  the  maculnr  region,  tuey  may  cause  demonstrable  *m 
permanent  ceninil  scotoma. 

Fig.  271  shows  a  large  hemorrhage  in  the  macularrcgion  which  came 
on  apparently  without  cause  in  a  healthy  woman  of  forty,  and  found  iti 
way  between  the  retina  and  ttie  hyaloid  membrane.  It  evenWallT 
cleared  up  entirely,  leiiving  a   vision   of  20;'xx. 

Probably  because  of  fatty  degeneration,  hemorrhages  generally  lose 
color,  and  become  transformed  into  yellowish  or  whitish  patelieii,  which 
may,  in  time,  be  so  uvurly  abtsorbed  that  no  trace  of  tbetii  remaiss 
visible  with  the  ophthatmnscope.  More  rarely,  they  leave  spots  of 
brownish-black  pigment  behind  them.  In  elderly  people,  retioal 
hemon-bages  are  often  visible  signs  of  a  degeneration  of  the  coals 
of  the  bloodvessels  that  cannot  be  detected  during  life  by  the  ordi- 
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nary  melhoda  of  examination.  Where  degenerative  cliaDges  have 
occurred  in  tlie  cerebral  hlnoil vessels,  hemorrhnj;M  In  tho  retina  are 
not  uufrequently  the  forerunners  of  apo|jlexy.  Tliey  are  also  common 
accompauiinentji  of  albominuric  retinitis,  an'l  may  be  very  freqnent  in 
many  diMa&es  of  malruitrition  where  the  character  and  composition 
of  tho  blood  have  utnlcrgonc  marked  changes.  At  times,  though  for- 
tunately very  rarely,  recurrent  hemorrhages  appear  in  young  people 
from  about  puberty  up  to  the  age  of  twenty  or  tweiitvfive  years.  The 
pathology  ot  t\m  type  has  not  been  made  clear.  Althoii;;)t  ^enprally 
occurring  in  feeble  and  scrDfutoas  subjects,  they  may  be  found  in 
apparently  hculthy  people.  Ordinarily,  they  have  been  attributed  t« 
some  functional  deraDgenient,BUch  as  constipation  or  suppression  of  the 
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letwea.    The  former  condition,  however,  h  often  absent,  and  either  S9X 
'may  be  affected.     Although,  when  extensive,  th«r  effects  are  usually 
most  disastroos,  yec,  fortunately,  tliey  are  oflen  confined  to  one  eye. 

Hemorrhages  ur«Uiing  through  into  the  vitreous,  destroy  its  stroma, 
and  ao  impair  the  nutrition  of  the  eye.  that  either  tlio  organ  shrinks, 
or  an  attack  of  increased  pressure  and  glaucoma  is  superinduced. 
When  the  effusion  of  blood  is  small  and  is  situated  in  a  periph- 
eral and  superfieiat  part  nf  the  reliniL,  the  subjective  symptoms  of 
retinal  hemorrhage  are  either  slight  or  wanting.  At  times,  however, 
the  pressure  of  the  blood  on  the  sensitive  elements  gives  rise  to  tlaahes 
of  light.  When  such  effusions  are  situated  in  the  macular  region,  thoy 
are  visible  as  dark  spots  or  scotomata  in  the  centre  of  the  Geld  of 
vision.  Should  they  cause  pressure  and  dragging  on  the  luyer  of  rods 
and  cones,  mftamorjyJiopKia  or  diiftortion  of  visual  objects  may  exist. 
When  the  blood-extravnsation  invades  the  vitreous  and  is  extensive, 
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objects  may  seem  as  if  s««n  through  a  reddish  fog,  while  smaller  bloo^ 
clots  gfteti  appear  as  black  i!pots,  which  more  wit})  everr  motioD  of  the  en. 
In  many  instances,  when  the  hetuorrhages  are  small  or  are  fiironhW 
situated,  they  are  gradually  absorbed,  and  leave  no  visible  trawe.  la 
others,  tbcv  cauae  partial  descructiun  of  the  retinal  tiasue,  with  Hu 
formation  of  pigmented  fibrous  cicatiices. 

Fig.  272  »hows  such  a  fibrous  cicatrix,  where  the  hemovrfaigs 
bad  csutied  secondnry  glaucoma.  In  this  case,  thti  chorioid  vru  lillU 
affected,  but  there  wi>re  fibroun  band;)  connecting  it  «it)i  tlie  retina, 
which  became  continuous  with  tlie  radiating  conncctive-tt5sue  Etira 
of  Miiller,  toward  the  periphery  of  the  cicatrix.  After  abaorptioo  <if 
the  retinal  hemorrhages,  partial  or  total  atrophy  of  the  retina,  with 
blanching  of  the  disk,  is  sometimes  found.  At  times,  this  condiiiafl 
is  a«8ociated  with  thickening  of  the  walls  of  the  bloodrMsels  or  vilh 
obltteratiou  of  their  luioen. 
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Treatment  of  retinal  hemorrhage  should  vary  with  its  cauae  and  villi 
the  state  of  health  of  the  individual.  A  light  procure  handi^  will 
often  haatcD  the  absorption  of  the  effused  blood,  whilst  much  may  Iw 
accomplished  in  stimulating  tissue-change  and  ogmosU,  by  wat«ry  eathar 
tica  and  diuretics.  In  thv  feeble,  these  measures  aliuuld  be  aided  b; 
goo<l  food  and  ionics,  in  order  to  alter  the  com|Ki8itioti  of  the  blood  and 
render  diapedeais  leu  probable.  All  violent  exercise,  such  as  lifting, 
or  anything  tending  to  unduly  increase  congestion  of  tfao  be«d  and 
iacc,  such  as  stooping,  should  be  avoided. 

In  studying  the  various  morbid  states  of  the  system,  physicians 
arc  in  the  habit  of  looking  at  the  akin  of  ihc  fiwie,  at  the  li|», 
the  tongue,  and  the  finger-nails,  for  evidences  of  the  color  of  ili« 
blood  and  of  the  t^tate  of  the  circulation.  In  many  instancw. 
however,  they  can  better  appreciate  such  changes  by  observing  tlie 
retina  and  the  bead    of   the  optic  nerve  with    the   ophthalmoscope, 
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nbere  not  only  the  (rcuoral  tint  of  ilie  part  is  accn.  but  the  Tiloo*!- 
colDinns  He  oprn  to  view  and  an-  studied  iinilcr  a  magnifying- gluju. 
For  inHlance,  in  pneumonia  ami  pleurisy,  the  insuflicieiit  aeration  of 
tii«  blood  becnmei)  evident  in  the  retinal  veins,  by  titc  ilarker  color  of 
lieir  contents;  while  in  various  state*  nf  aniemia  and  clilorosis.  the 
hemoglobin  appears  to  hold  on  to  its  oxvgen  and  not  give  it  up  to  the 
tuence  in  the  capillary  circulation,  thus  caasing  the  venous  blood  to 
appear  very  much  like  the  blood  that  is  found  in  the  arteries.  Again,  in 
lencocythiemiu  aiid  pernicious  ann^min,  where  tht;  constitution  of  tho 
biflod  is  gravely  altered,  the  color- changes  are  manifest  also  in  the 
ctitfrioidal  circulatimi.  giving  the  eye-grotiiul  a  yellowish  tint. 

Etubolmn  and  ihrom/jo^iH  of  tJic  refhuil  UvoiheMdg.  Von  Graefe, 
in  1859,  was  the  first  to  diagnosticate  embolism  of  tlie  central  artery  of 
tlie  reuns  with  the  ophlhalmoscope,  the  diagnosis  being  proved  by 
Schweigger,  who  found  the  embolus  lodj^ed  in  the  artery  just  behind  the 
luiina  cribrosii.  Since  that  time,  numerous  caeet)  have  buen  described, 
several  of  them  having  lietm  suhstaniiHif^d  by  atitopsi(-»<.  The  uffeciion, 
vhich  generally  appears  as  nn  accompaniment  of  extensive  valvular  dis- 
ease of  the  heart,  is  a  rare  one — rarer  than  in  other  parts  of  the  body, 
^lauthner  has  pointed  out  that  this  rarity  is  probably  due  to  the  fact  that 
the  internal  carotid  gives  off  the  ophthalmic  arterv  nearly  at  a  right 
angle;  this,  in  turn,  giving  the  central  retinal  artery  in  the  same 
manner,  so  that  floating  emboli  are  readily  carried  past  the  orifices  of 
these  channels  into  utht-r  bi-anehes. 

The  most  pronounced  :4^iiip[om  nf  embolism  of  the  main,  trunh  of 
the  central  retinal  ai-tery,  is  rapid  and  complete  blindness.  In  some 
cues,  this  is  inntantaneous.  In  others,  it  conies  gradually  as  a  fog 
■which  move-s  from  the  periphery  toward  the  centre  of  the  field  of 
vision.  Ophtbalmoscopically,  the  arteries  appear  to  be  lost  to  view  in 
places  witiiin  a  few  hours  after  the  lodgment  of  the  embolus.  In 
others,  they  seem  to  be  much  diminieheil  in  calibre,  while  the  veins  are 
leesened  in  diameter;  the  latter  being  usiiallv  more  full  of  blood  in  the 
periphery  of  the  eye-ground  than  on  the  disk.  Under  such  circnm- 
itanceSi  owing  to  complete  stoppage  of  the  artery,  it  is  impossible  to 
produce  either  venous  or  arterial  pulsation  by  artificial  pressure  on  the 
eye.  As  the  nutrition  of  the  retina  soon  becomes  deranged,  and  the 
membrane  partially  opacifies,  a  thick  whitish  veil  is  formed  over  the 
^e-ground.  In  this  veil,  the  fovea  centralis  appears,  by  contrast,  as  a 
werry-red  spot.  Fig.  273  represents  the  eye-ground  of  embolism  of 
the  central  artery,  us  seea  twenty-fuur  hnurs  ufler  liie  lodgment  of  the 
embolus.  This  condition  is  followed  by  one  of  gradual  atrophy  of  the 
retina  and  of  the  head  of  the  optic  nerve  ;  the  tatter  becoming  white 
and  shrunken,  witii  marked  reduction  in  the  size  of  the  branches  of 
the  central  vessels.  The  retinal  haze  gradually  disappears.  In  some 
cases  where  the  stoppage  of  the  circulation  by  the  embolus  is  incom- 
plete, the  blood  in  the  veins  and  arteries  is  broken  into  short  cylinders, 
with  empty  interspaces,  us  the  current  begins  to  re-establish  itself. 
This  irregular  and  .slow  circulation  of  the  blood  is  manifest  to  the 
ophthalmoscope  by  an  alternate  filling  and  emptying  of  the  calibre  of 
U»e  vessel  at  any  given  point  by  the  blood-cylinder. 
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Embofmn  of  a  Oratich  of  (he  arifria  cfntralU  rffinft.  This  form  of 
the  aflfectiun  presents  somewlmt  differenl  itirinptoras.  Here  the  blood  is 
cut  off  from  only  one  part  of  the  retina,  and  this  part  alone  become* 
cloudy,  or  has  the  calibre  of  ite  supplying  arteries  diminiBhed.  Hemor- 
rhages and  infiirction  of  the  aflected  area  with  blood,  are  oRen  met  with. 
Probably  becnuM  the  retina  still  draws  nutritive  supplies  from  the 
Aubjaoent  chorioid,  the  sphacelus  which  is  observed  in  other  tissoM 
foltowinf!  embolus  of  a  temilnal  artery,  does  not  nocur.  Upon  acooant 
of  the  intm-ocular  prewiure  being  sufficient  to  prevent  n^urgitation  of 
blood  int^i  the  eye  from  the  iiiHin  venous  stems,  hemorrhagic  iri&rctioa 
never  occurs  in  cnses  of  embolus  of  the  msin  artery.  In  embolus  of  i 
branch,  however,  rej^urgitation  into  the  capillary  area  supplied  by  the 
obstructed  branch,  readily  takes  place,  this  being  so,  because  all  other 
unaffected  brnoches  are  under  the  same  pressure. 

The  progno^s  of  embolism  of  the  central  artery  of  the  retina  is  moai 
unfavorable.  This  is  so,  because  the  sioppajje  of  the  circulation  is 
eooD  followed  by  atrophy  of  the  retina  and  of  the  head  of  the  optic 
nerve.  In  some  instances,  the  scotoma  produced  by  an  embolus  in  one 
of  the  branches  of  the  main  artery,  may  b«  materially  diminished  by 
the  development  of  collateral  circulation. 

Various  plans  of  treatment  have  been  proposed,  all  of  which  ara 
genenilly  iiieflective.  Iridectomy  and  pamceutesis  have  been  suggeeteji 
with  a  view  of  promptly  dimlnishiiij;  intra-oculnr  pressure,  thus  aiding 
the  enfeebled  retinal  circulation.  Massage  of  the  eye  bus  alao  been 
resorted  to  in  the  hope  of  dislodging  the  embolus. 
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Tkromboaia  of  the  centra!  retina!  eem  is  a  rare  affection.  It  usually 
occors  in  elderly  people.  Ttie  blindness,  uhich  (?<jined  uti  ahil(K3t  as 
suiidenljr  as  that  in  cinboli^rn,  is  said  uever  to  be  so  complete  as  it  is  in 
ibat  affection.  Acc^inling  to  Michel,  the  ophthalmoscopic  appearances 
coDsisE  in  a  difTuse  and  intense  reddish  huRO  in  ihe  fibre-layer  of  the 
retina,  which,  biding  the  ^jutlines  of  tlie  diiik,  extendi]  one  and  n  half 
disk-diameters  from  it.  This  area  Khows  nmntrouB  siimll  linear 
hemorrhages  which  run  in  the  direction  of  the  retinal  fibres.  Bc- 
yvad  the  cloudy  area,  the  retinal  arteries  and  veins  again  become 
risible,  the  latter  heinj^  very  tortuous  and  turgid  with  dark,  blackish 
blood.  In  tbe  periphery  of  the  retina,  the  hemorrhages  are  rounded 
and  .splotchy,  wiiilc  a  dark  rounded  clot  occupiea  the  fovea  centralis. 
Zfhender  inHki>.<i  two  classes  of  these  cases^-one,  the  maraxijua,  which 
he  found  in  old  people ;  and  the  other,  the  phkf^iti'c,  which  he  bus  seen 
in  young  persons.  Thrombi  are  of  fairly  eommon  occurrence  in  the 
branches  of  the  ceotrat  retinal  veins.  Especially  h  this  so  in  severe 
eases  of  hciunrrhaf^ic  retinitis. 

Prognofli*  la  unfavorable.     If  the  thrombus  be  large  and  if  it  become 
fiilly  organized,  the  case  mu.it  result  in  atrophy  of  all  the  Btructurea  of 
^the  retina. 

H  Treatment  should  consist  in  regulation  of  the  diet  and  digestion,  and 
iu  keeping  the  skin  and  its  secretions  in  good  order.  It  is  said  that  the 
SubontaneoDS  injection  of  strychnin,  is  often  advantageous. 

Ptri-vaaeidHie  (so  cidled)  is  thut  condition  in  which  the  retinal  vm- 
aels  appear  as  white  conh,  this  hein;^  produced  on  account  of  their 
walla  becoraing  so  dense  and  opaque,  in  places  or  throughout,  us  to 
hide  the  underlying  blood-coluinns.  Although  it  may  show  itself  after 
simple  neuritis,  it  is  mi»re  frei|uently  seen  in,  violent  cases  of  inEainma- 
tion,  such  as  that  which  occurs  in  the  course  of  severe  erysipelas,  when 
the  eyes  arc  swollen  shut  and  a  high  grade  of  exophthulmus  develops. 

Tlie  prognosis  is  usually   unfjivurHbtc,  being  dependent  upon   the 

I  degree  of  the  aflfection.  If  the  eliungOH  bo  extensive,  ihoy  surely  lead 
to  atrophy  of  the  retina. 
Purulent  retinitis  either  forms  ii  pnrl  of  pjiiiophthalmitis,  or,  id  the 
vast  majority  of  cases,  is  secondnry  to  suppunicion  <d  the  chorioid. 
In  some  septic  oases,  however,  the  retina  is  either  solely  or  principally 
involved.  \'irchf)H  was  the  first  to  cull  attention  to  such  a  septic  form 
of  inflammation,  which  he  found  to  he  produced  by  small  emboli  in 
the  vesseU.  Heiberg  and  Roth  have  demonstrated  that  these  emboli 
contained  numerous  micrococci  in  wmie  ca^us.  More  frei{ucntly,  puru- 
lent retinitis  has  been  found  as  a  consequence  of  wounds  of  the  eye. 
Berlin,  Nettleahip,  and  recently  Sch<>bl,  have  cited  three  cases.  Each 
instance  was  caused  by  a  fragment  of  gun-cap  being  driven  into  the  eye, 
the  foreign  body  making  its  entry  through  the  cornea,  the  lens,  and 
the  vitreous  without  wounding  cither  the  iris  or  the  chorioid.  In 
every  case,  the  foreign  substance  was  found  lying  at  the  bottom  of  the 
vitreous  chamber.  In  such  cases,  the  suppuration  is  either  situated 
mainly  in  the  retina  or  is  exclusively  limitecl  to  it.  It  is  moat  marked 
in  the  fibre-layer  and  near  the  large  vessels.  In  more  advanced  caaes, 
tft  sheet  of  pus  is  found  between  the  retina  and  the  hyaloid.     In  this 
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stAfUfi,  the  layer  of  ganglion  cells  \s  affected  and  muiT  of  ikem  are 
destroyed,  wfiile  tlie  pua  is  nccuniulatod  id  masses  between  the  rmdint- 
ing  fibres  of  Miiller.  S*ch5bl  ha«  cited  two  interesting  cases  where 
chronic  purulent  retinitis  gnve  the  clinical  aspect  of  glioma.  In  these, 
the  autfipsy  failed  to  show  \my  involvement  of  the  diorioid  or  »bv 
new  gniwtli. 

As  regflnlft  the  eyt\  prngnosts  is  nlways  unfnvoralile.  an  the  diseoM 
is  olten  followed  by  a  general  panophthalmitis.  When  it  IB  embolic 
in  ita  origin,  the  causes  giving  rise  to  it.  always  threaten  life.  If 
the  eyeball  shrinks,  the  usual  dangers  of  such  (fegeDerative  procewes 
to  the  fellow-eyc-,  hirk  in  the  aightlcas  organ. 

Treatment  in  those  cases  where  the  constitutional  condition  is  not 
gmre  enough  to  threaten  life,  should  as  a  rule  consist  in  prompt  enuclea- 
tion of  the  eye. 

Hf-niorrhatjic  rttinki*  isat«mi  that  is  generally  applied  to  those  caau 
of  retinal  inllamrnQtion  In  which,  with  considerable  .swelling  of  the  retina 
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and  numcrouit  hemorrhage-!),  no  systemic  alfcction,  sot^  w  Bnght's  dis- 
eaae  or  diahptes,  can  be  found.  Fig.  274  shows  the  ophthalmoscopic 
appearances  very  well.  In  many  cases,  hypertrophy  of  the  left  ven- 
tricle of  the  heart,  cutiBecutivc  to  insufficiency  of  the  aortic  valves,  baa 
been  noted.  The  fact,  however,  that  such  affections  are  often  one-sided, 
seems  to  show  that  there  mu.sc  lie  other  predisposing  causes  to  account 
for  the  condition,  .■'uch  as  degeneration  of  the  walls  of  the  retinal 
vessels  or  the  occurrence  of  emboli  in  the  sm-iller  branches  of  thp 
central  artei-y. 

The  prognosis  will  not  only  depend  upon  the  size  and  the  position  of 
the  hemorrnnges,  but  also  upon  the  [>aiicnt*s  constitntional  state.    The 
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immediate  dmigers  ore  from  pressure  od  the  roda  and  cones.  The  con- 
eecutire  ones  are  due  to  cif^tncmT contracture. 

\Vlien,  as  in  llie  case  above  represenloit,  tlic  rctinltbi  occurs  in  a 
patient  in  middle  life,  who  Is  fnlUblooded  and  a  hard  drinker,  he  should 
be  pQt  to  be«i  and  have  an  active  mercitrinl  purge  adminiittereii  to  liim. 
This  is  to  be  followed  by  n  suflicient  subeulaneous  injection  of  pilocar- 
pine to  produce  a  good  sweat  Local  bloodletting  from  the  temple  is 
abo  advantageous.  Sabgcqucntly,  he  ehould  have  a  course  of  saline 
piuvatiTca,  such  as  Bodfom  or  Hathorne  water,  in  order  to  diminish 
the  Mood- pressure  and  to  rejzulute  the  liver.  Where  the  hemorrbogea 
are  of  small  extent  and  are  \evi-  in  number,  and  where  the  patients  are 
old  and  feeble,  there  is  little  lo  be  done  beyond  regulating  the  diet, 
digestion,  and  exercise. 

Hctinitit  /rom  Brigid's  disease.  That  dimness  of  vision  it;  an  ooca- 
eional  attendant  in  this  affection,  was  observed  soon  after  the  clinical 
recognition  of  the  general  disease.  Kright,'  whilst  diacuasing  eleven 
eases,  "illuatrating  some  of  the  more  insidious  attacks  which  attend 
a  fatal  termination,"  in  his  second  pttper  on  tlic  subject,  reports  four 
instances  of  failure  of  vision,  which  occurred  frmti  four  lo  rtix  weok» 
before  death.  Sub^e^iuent  experience  bus  shown  that  the  condition 
often  appears  at  n  much  earlier  stage  of  tiie  disease.  It  must  iilways 
be  regarded  as  an  unfavorable  sjrmptom.  As  seen  with  the  ophthalmo- 
scope, it  presents  very  various  aspects.  These  are  ilcp'endent  on  tiie 
stage  of  the  development  of  the  disease.  It  distinguishes  itself  mainly 
from  other  forms  of  inflammation  of  the  nen'ous  sheet,  by  a  greater 
tendency  to  fatly  degeneration  of  the  tissues  involved.  As  found  in 
dispenRary  nervices,  it  usually  prtatents  a  type  that  is  very  different 
from  that  which  predominates  in  the  ward?  of  n  general  hospital.  In 
the  former  class  of  cases,  the  diaeai*e  seeraB  to  full  with  peculiar  intensity 
on  the  nervous  system.  The  patients  ci-me,  coiuplnining  of  headiiche, 
diiinnefls,  and  dim  vision,  these  being  the  only  marked  expressions  of  the 
malady.  Here,  tKe  aniemia,  dropsy,  and  other  symptoms  which  are 
to  common  to  hospital  casee,  either  are  absent,  »r  are  present  in  so 
slight  a  degree,  that  tlie  pativnts  do  not  Huppo>jc  thertii^clves  to  be  suffer- 
ing from  any  con.stitiition.il  malady  that  is  of  sufficient  moment  to  need 
medical  advice.  In  such  cases,  the  retinal  changes  are  generally  very 
extensive,  and  it  is  probable  that  were  we  able  to  examine  the  living 
cer^rum  as  accurately  as  we  can  examine  the  retime,  similar  and 
equally  developed  changes  would  be  hero  found.  Among  hospital  in- 
mates, a  few  white  splojches.  cither  with  or  without  hemorrhages,  in  the 
retina,  are  often  seen.  Occasion ully.  a  slight  atrophy  of  the  optic  disk 
and  retina  is  the  only  sign  of  a  previimH  retinitis.  Such  patients,  whose 
waxy  skin  and  general  appearance  indicate  how  seriously  their  nutrition 
has  been  impaired  by  the  disease,  usually  suffer  from  dropsy  and  dyspnoea. 
Occasionally,  in  long-standing  cases,  where  the  affection  has  not  been 
markedly  relieved  by  rest  and  treatment,  there  Is  an  opportunity  of 
seeing  the  development  of  the  typical  form  of  the  retinitis.  Here,  ilie 
retinal  changes,  which  begin  with  slight  cedcma  and  striation  of  tho 
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disk  and  surrounding  retina,  are  associated  ivitl)  a  few  jrregnlar  vhtV 
gptdtclicfl  aijil  Htriateiriieiiiorrliages  in  t-he  fibre-IaTer.     AUhoagli  dx.«fA 
whitt^  patches  miiltiply  and  extend,  they  are  Hsnally  confined  wiihita     attj 
irea  of  two  or  three  disk -diameters  from  the  optic  entrance.     In  b 
des  of  tlie  ocular  affection,  they  coalesce  and  form  a  broad  k. 
around  the  disk.     The  disk  itself  i9  swollen  and  prominent,  whilst 
boundaries  are  bidden  by  diverging  opaf|uo  nerve-ubres.    Frotn  tioia 

time,  freah  licmorrlmjKca  occur,  whicli  are  striated  when  in  the  &\ rn- 

layer,  Ijut  a^tsume  more  or  lew  rounded  forms  when  they  invade  ikt 
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deeper  portions  of  the  retina.  At  the  same  time,  a  new  Mries  of  irreg- 
ularly linear  or  (juadratc  white  splotches  which  radiate  throughout  the 
macular  region  from  the  fovea  centralis,  are  fleveloped.  These,  how- 
ever, which  were  supposed  to  be  characteristic  of  the  affection,  liave 
been  observed  in  a  few  cases  of  neuro-retinilis  caused  by  basilar  men- 
ingitis without  any  accompanying  disease  of  the  kidney.  Nevertheless, 
in  the  immense  majority  of  case^.  Briglifs  disease  can  be  safely  dtag- 
nostienicd  where  the  foregoing  typical  symptoms  are  found;  whilst  & 
careful  investigation  of  the  urine  will  usually  confirm  the  diagnosis. 
Oenerally,  the  hemarrhages  soon  lose  their  characteristic  blood-color, 
hde,  turn  white,  and  often  undergo  absorption.  When  the  lower  grades 
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of  retinitis  are  fouoil  in  the  advnnced  stages  of  tlie  disease,  the  color  of 

•  Ilie  fuDdua  and  the  blood-columos  in  the  arterieti  becomes  abnortnallj 
/cllow,  while  the  venous  blood  loses  its  pronounced  red-purple  tint, 
caiiSiD;;  the  eve-j>i'Ound  to  resemble  that  which  \s  seen  in  cases  of  louco- 
cythiemia  and  pernicious  anDcmia. 

Although  the  foregoing  description  give*  a  fair  idea  of  the  appearance 
of  ordinary  cases,  instances  are  i^umetimGH  tteen  where  there  is  only  a 
transient  nemorrbagic  retinitis  without  distinctive  marks.  In  rarer 
cases,  the  sole  lesion  may  consist  of  a  temporaTy  intense  choking  of  the 
(lisk,  similar  to  that  so  frequently  found  in  cases  of  brain-tumor.  Aa 
regards  ihe  frequency  of  retinitis  in  Bright*8  disease,  statistics  vary, 
Bome  fixing  the  |)crcenlnge  aa  luvr  aa  7.04  per  cent,  while  others  rate  it 
as  high  an  30  per  cent.  Although  it  may  accompjiny  any  form  of 
Brigbt'a  disease,  yet  it  is  a  concomitant  of  the  adviLueed  stage  of  cir- 
rhotic kidney  in  the  vast  majority  of  cases.  We  sometimes,  however, 
fimJ  it  even  in  the  early  stages  of  the  kidney-affection  which  accom- 
panies Boarlet  fever,  or  in  the  albuminuria  of  pregnancv. 

The  acuity  of  vision  in  albuminuric  retinitis  may  be  cither  much 

I  impaired  or  hut  little  affected.  Ordinarily,  the  failure  af  vision  is 
feonSned  to  an  inahititj  to  recognize  either  colors  or  form  (which  re- 
quire larger  areas  of  exposure)  with  the  same  degree  of  quickneflft  as  a 
tealtliy  eye.  In  the  early  stages,  the  field  of  vision  ia  generally  not 
materially  contracted.  Where  there  are  extensive  white  patches  or 
lemorrhages,  there  are  corresponding  scotouiata,  which  are  most  notice- 
able when  the  lesions  are  seated  in  the  niacuhir  region.  In  rare 
cases,  the  retina  becomes  detached,  cauaing  a  corresponding  defect  in 
the  Gold  of  vision, 

Urfffiiif-  amaurom*  in  much  more  rare  in  Rright's  diseaae  than 
albuminuric  retinitis.  It  is  often  accompanie<l  by  convulsions.  It  is 
rapid  in  its  dcvelopmctit  and  subsidence,  and  is  without  any  retinal 
changes  that  are  demonstrable  by  the  ophthalmoscope.  The  blindness 
is  evidently  due  to  some  transient  affection  of  the  cerebral  sight* 
centres.  In  some  instances,  it  develops  where  albnminuric  retinitis 
pre-exists. 

Dissection  of  the  diaeaswl  retina;  in  albuminuric  retinitis,  shows  a  great 
multiplicity  of  changea.  Theware  found  both  within  this  membrane  and 
^Bin  it«  bloodvessels.    The  fibre-layer  is  swollen.    There  is  a  hyperplasia  of 
^Pilie  connective-tisdue  elements,  while  an  albuminous  exudation,  some- 
Btimes  nearly  homogeneous  and  sometimes  granular  or  fibrillar  in  ap- 
pcaraneo.  exists  between  the  fibres.      The  fibres  themselvitt  exhibit 
^indle-8hnpe<l  swellings,  which  are  generally  aggregate*!  in  nest*.    This 
Otmdition.  which  is  also  found  in  other  retina!  inflammations,  is  known 
as  varicote  hjfpfTtmphy  of  the  nerve-jihrta.    The  hyperplasia  of  the  con- 
nective tissue  extends  through   the  retina.      The  radiating  fibres  of 
Miiller  became  markedly  visible.    Those  that  arc  situated 'in  the  macu- 
lar region  ofVen  have  a  collection  of  fat  globules  ni  their  inner  ends, 
giving  rise  to  the  appearance  of  white  spots  and  atriie.     Compound 
granule  colls,  either  disaominate  in  character  or  di>ttrihuted  in  mosses 
throughout  the  retina,  are  also  found.     These  are  especially  noticeable 
I  in  the  outer  and  the  inner  nuclear  layers.     The  former  is  often  thick- 
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encil  and  swollen  near  the  disk.  In  tbe  early  stages,  cbe  veins  and  the 
capillaries  sometimes  sppear  dilated.  Later,  they  may  appear  cod- 
tracteil.  The  vessel  walln  exiiibit  fatty  degeneration,  Tbis  is  often 
moat  markcil  in  the  ariventitia.  At  titnes,  Ao-calleil  flclorott!).  consist- 
ing in  a  transparent  thickening  of  the  walls,  resembling  amyloid  de^n- 
erntitin.  hut  not  responding  lo  the  action  of  iodine,  may  be  seen.  The 
chorioid  often  exhibits  changes  in  its  bloodveas«l8  tlmt  are  .similar  to 
those  described  in  the  retina.  II.  Miiller  has  eepcciatly  called  attcotioD 
to  a  sulenisis  of  the  choriolddl  capillanca  that  is  aasociaiod  with  fatty 
dcgoneration  of  their  endothelium.  This  subject  has  been  lately  dis- 
cussed by  the  Archduke  Cli-arles.  IU\  holds  that  the  process  consists 
in  an  obliteralive  inflammation  of  the  ve^iiiels  of  both  the  retina  and  the 
chorioid ;  this  being  accompanied  by  degenerative  changes  and  swelling, 
which  start  either  in  their  Bbrous  envelopes  or  in  the  lar^e  vea^els  that 
aresitaated  between  the  muscular  coat  and  the  iotima.  lie  further  says, 
that  as  the  prolifcmtion  incroaHcs,  the  intinia  is  pU!i<heJ  forward  in  folds 
and  the  calibre  of  the  vessel  is  first  narrowed  iitid  then  obliterated.  He 
considers  these  changes  in  the  bloodvessels  as  the  foremaner  and  tli« 
jtrobable  cause  of  many  others  in  the  retJna. 

As  the  condition  is  usually  a  sign  of  advanced  chronic  diseasA 
of  the  kidn^-y,  the  prognosis  is  always  grave  except  in  ooate  cases, 
and  aUhotigh  death  may  generally  be  expected  within  a  few  months, 
it  is  sometimes  possible  to  better  the  acuity  of  vision  very  materially. 
Tbas,  for  e.xao]ple,  the  author  recalls  a  ciisc  which  he  twice  admitted 
to  a  hospital.  Kach  time,  the  patient's  eyesight  was  so  blurred  that 
she  was  unfitted  for  all  useful  work,  hut  after  n  few  weeks  of  treatment, 
vision  improvotl  sufliciently  fn  allow  her  to  return  hnme  and  attend  to 
her  household  duties,  Within  ii  few  wet-ks  alter  her  second  return 
home,  she  suddenly  died  of  pleuro-pncuinonla  supervening  on  the 
kidney  disease. 

The  walking  cases  should,  if  possible,  be  put  to  bed  and  given  hot 
sponging  or  hot  baths.  If  the  patients  arc  sufficiently  strong*  they  ahoald 
be  treated  by  watvry  purgatives.  -Jaboratidi  in  doses  that  are  sufficient  lo 
cause  sweating  and  salivation,  should  also  he  adrainislereil.  Ordinarily 
the  latter  remedy  is  best  given  either  by  enemata  in  fluid-extract  form 
or  by  subcuiiuieous  injections  of  pilocarpine.  This  treatment,  with  a 
nutritions  and  unirrituting  diet  composed  largely  of  milk,  will  generally 
lead  to  a  market!  visual  impro^'enicnt.  In  more  chronic  cases,  where 
the  symptoms  are  less  urgent,  small  fre'jueully-repeatcd  dosos  of 
bichloride  nf  mercury  or  some  form  of  Bash&m's  mixture,  tnay  be  ad- 
vantageously employed, 

Rftinitig  leuixrjntca.  Liebreich  was  the  first  to  call  attention  to  this 
form  of  retinitis.  He  gives  an  interesting  picture  of  it  in  his  Atlas, 
stating  that  he  has  had  six  cases,  all  of  which  occurred  in  the  splenic  vanety 
of  thedisease.  Chromo-lithograph  Xo.  1,  Plate  IV.,  showsa  diffuse  retinitis 
with  scanty  hemorrhages  and  marked  change  in  the  colorof  iheeve-grouud 
and  blood- currents.  The  blood-columns,  especially  in  the  retinal  veins, 
are  leas  intense  in  color,  and  have  acquired  a  slight  rose-tint.  The  bcm- 
orrLagee  appear  slightly  redder  thun  usual.  He  also  describes  the  exist* 
ence  of  white  splotches  which  resemble  those  Uiat  are  found  in  Bright's 
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disease,  differing  from  them  only  in  the  fact  of  their  more  peripheral  situ- 
ation. In  one  case,  the*«  nliite  patches  were  examinetl  by  Reckling- 
liausen,  who  founiJ  them  to  consist  uf  neets  of  cleg eiiera ted  nerve-fibrea 
that  had  iintlergone  sclerosis.  lieclcer'  has  picturC'd  two  interesting 
case«,  in  wbich.  besiicles  the  dlQ'use  retinitis  with  scanty  hemon-hages, 
the  main  characteristics  were  a  yellow  color  of  the  eye-ground^  and 
large  white  plaquee  with  rod  hemoiTliagtc  borders  that  were  situated 
in  uic  peripliery.  In  tlie  few  ca:«r«  which  the  author  has  had  the  oppor- 
tnnity  of  studying,  the  raait  striking  pe^niliarity  has  been  the  change 
in  the  color  of  the  eye-ground  and  btnodcolumiu.  lu  none  of  these 
were  there  eitlier  the  wliite  pntxjbes  with  the  red  borders  or  any  exten- 
sive hemorrhages.  It  is  probable  that  the  ophthalmoscopic  appearances 
vary  in  different  cases  and  in  various  stages.  Leber  states  that  the  dis- 
ease sometimM  assumes  ihe  form  of  hemorrhagic  retinitis.'  Gowers 
thinks  that  there  is  a  ujucU  greater  letidency  to  hemorrhage  in  leuco- 
cvtJisBuiiu  than  there  'ih  in  simple  anii'iiiia.  HouIho  says  that  the  ofTusod 
Dlood  ia  of  a  pale  choflolato  cfllor.  and  that  the  white  or  yellowish 
splotches,  which  are  often  edged  by  a  halo  of  Hood -extravasations,  are 
commonly  present.  Immermann  has  Fteen  the  affection  occurring  in 
myelogenous  leiictemia,  but  in  most  of  the  cases  above  dted,  it  accom* 
panied  the  splenic  variety  of  the  disease. 

In  CBSea  with  but  little  hemorrhajte  or  exudation  into  the  retina,  the 
prognosis  as  to  eycsiglit  would  be  fuvomble,  were  it  nut  for  the  fact  that 
the  disease  of  whicli  the  retinitis  is  a  symptom,  usually  proves  fatal  in  a 
few  months  or  years. 

Treatment  consists  in  good  diet,  with  the  exhibition  of  arseiiiu,  oui- 
nine,  and  iron,     Mental  and  pliysicnl  rest  should  he  strictly  enjoined. 

lietinUid  in  pernicious  amentitt.  Biermer,  in  1871,  was  the  first  to  call 
attention  to  the  retiniU  changes  found  in  this  grave  nnd  coinpamtively 
rare  disease.  Since  that  time,  Homer^and  Quincke*  have  carefully  studied 
a  ccnsidemblc  number  of  ca^es.  The  former  records  thirty,  and  remarks 
that  the  color  of  the  blood,  the  distention  and  tortuosity  of  the  veins,  and 
the  numerous  hemorrhages,  recall  the  appearances  of  leuc^emic  retinitis. 
He  also  asserts  that  the  di^ks  are  entirely  white.  The  Utter,  in  his 
latest  paper  on  the  subject,  records  seventeen  instances,  giving  achromo- 
Iitb(^raph  of  one  of  the  rctinoj.  lie  describes  the  affection  as  an 
cedema  of  the  retina,  with  numerous  hemorrhages.  He  asys  that  many 
hemorrhages  have  white  or  gi-iiyish  centres.  He  finds  that  others 
envelop  the  hb>'>dv(»«iiel8,  cauMing  ihein  In  appear  varicose  by  irregu- 
larly distending  their  lymph-sheath.s.  He  says  that  the  redematoaB 
condition  produces  an  ophthalmoscopic  appearance,  as  if  a  thin  bluish- 
white  film  had  been  spread  over  the  eye-ground.  The  author  has 
examined  three  cases  of  this  disease.  In  all,  there  was  not  only  a 
diffuse  retinitis  wiiii  distended  veins  and  pallid  blood,  but  the  disk 
appeared  dirty-while  with  a  faint  greenish  tinge,  and  the  eye-ground 
seemed  decidedly  yellow  in  hue.     In  one,  there  were  no  other  patholo- 
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gical  appearances.  In  the  ftecond,  there  were  only  a  few  smftll  hemor- 
rhages in  Lhe  Ijyrniph-tjhentli  uf  Homo  of  the  vcsscU  cicJtr  the  macula.  lo 
the  thirtl,  there  were  nnmerons  irregularly  rouud  or  ovoiil  hemorrhages 
that  had  yollowish-whiie  centres.  It  is  evident,  however,  from  the 
statemenw  of  Quincke,  that  any  oue  case  might,  in  various  stages,  present 
all  che»e  phases. 

From  the  impaired  nutrition  of  the  retina  and  the  optio  nenre,  as 
well  as  the  tcn(ioncy  to  low-jcradc  atrophic  processes  in  these  tissues,  the 
outlook  as  to  vision  ia  threatening.  The  disease  ilaelf  is  frequently 
relapsing  sn<l  is  often  fatiil. 

According  to  Osier,'  the  best  treatment  for  pernicious  anaemia  is  rest 
in  hed,  with  light  nutritious  diet  and  massage.  These  measures  are  to 
be  aided  hy  increasing  doses  of  arsenic. 

Reti/iitix  i>i  dial>etes  mcUitua  is  of  occasional  occurrence.  In  a  few 
of  ihe  recorded  cases,  the  urine  has  been  so  carefully  examined  ns  to 
exclude  any  coexisting  Bright'a  disease.  In  some  instances,  both 
affections  simultanously  exist  with  retinal  changes.  Frequently,  the 
retinal  disturbance  hears  a  close  resemblance  to  that  which  occurs  in 
Bright's  disease.  It  is  distinguished  from  it  mainly  by  the  fact  that 
the  changes  are  more  uniformly  distributefl  over  the  retina  and  thai 
they  are  leas  confined  to  the  area  around  the  disk.  Vitreous  opacities 
are  common,  and  are  very  often  deuse,  Sometimt-s,  tbe  media  remain 
clear.  .Taeger  gives  an  admimblo  picture  of  such  a  case,  in  which 
there  was  not  only  suflicietit  retinal  swelling  to  hide  the  outlines  of  the 
nerves,  but  there  were  numerous  hemorrhages  and  yellow  splotches.  In 
his  description,  lie  mentions  that  there  wns  n  mnrKcd  central  sootomSf 
which  consisted  of  a  dense  area  that  was  surrounded  by  a  lighter  one. 
In  such  ca.Hes,  it  ia  not  clear  whether  these  blind  spots  are  due  to  retinal 
changes  in  the  macular  region,  ur  whether  they  are  dependent  upon  a 
ci)ezistiDg  affection  of  the  optic  nerve ;  such  affections  in  diabetes  being 
much  more  common  than  the  retinitis.  In  Jaeger's  case,  the  periphery 
of  the  retina  was  but  little  affected,  since  the  patient  could  still  decipher 
the  letters  of  No.  18  of  bis  test-type  when  they  were  placed  excen- 
trically. 

Retinal  ehanyca  in  oxalnria  arc  rare.  They  consist  of  honorrhages 
with  a  low  grade  of  retinitis.  Fig.  276  gives  a  picture  of  a  retinitis 
which  was  associated  with  formation  of  new  ressels  in  the  vitreous. 
Tliis  occurred  in  a  case  where  there  was  an  abundant  deposit  of  oxalate 
of  lime  in  the  urine. 

Rftinal  chaiujet  in  dtHeaafg  of  the  Urer.  In  congestion  of  the  liver 
and  abdominal  plethora,  Fiirater  has  called  attention  to  a  hypeneniia  o( 
the  retina  tliat  coexists  with  a  diminished  range  of  accommodation. 
Here  the  ophthalmoscope  often  shows  premature  senile  dt^encration  of 
the  lens  with  faint  striie  in  its  extreme  periphery.  This  state  of  aflairs 
can  be  best  benefited  bv  proper  exercise  nnd  baths,  with  the  use  of 
saline  aperients,  such  as  i^nratoga,  Vichy,  and  Karlsbad.  Occasionally, 
retinal  hemorrhages  occur  in  cases  of  grave  disease  of  the  liver. 
Litten'  says  that  for  ten  years  he  has  examined  every  case  of  liver 
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dlMcse  that  came  ttnder  liis  chfirge  with  the  ophthalmoscope,  with  the 
resalt  of  fimiing  reliiial  lieinorrhages  but  riDeeii  times.  Ihpy  are  said 
to  occur  only  when  jaiitiiiice  is  present,  and  to  be  more  frefjuent  in 
the  deeper  layers  of  tbe  retina. 

Xanthoptna  is  a  rare  complicatioD  of  liver-disease.  Rose'  cites  a 
CUM;  in  which  the  nolet  end  of  the  Bpectrum  was  shortened  in  the  same 
manner  aa  is  found  in  Nintonin-poisionin^.  The  blue-hiindness  was 
ao  marked  in  this  case,  that  a  icw  ditys  hctore  the  patient's  admission 
to  the  hospital,  he  bad  excited  the  astonishment  of  hi^  fellow -'n-orkmen 
by  mistaking  the  color  of  a  iloor  which  had  been  freshly  painted  blue. 
The  autopsy  showed  that  the  cornea  was  stained  deep  yellow.     The 
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lens  and  the  vitreous  were  colorless.  'Ineger  has  called  attention  to  the 
light-yellow  color  of  tbe  eye-ground  and  retinal  blooil  in  cases  of 
jaundice. 

HetmiiU  syphilitica.  Although  hasiness  and  congestion  of  the 
retina  are  not  infrequently  observed  in  syphilitic  iritis,  yet  tbe  term 
above  nsed  is  ^neraliy  applied  to  a  chnraotrristic  form  of  retinal  in- 
flammatton,  which  appears)  after  the  conilvlomata,  tbe  mucous  patches, 
and  the  akin  eruptions  have  diwtppeared.  It  may  even  be  present  when, 
perhaps,  periostitis  has  not  yet  been  developed.  At  this  stage,  a  diffuse 
retinitis,  unualW  without  hemorrhages,  is  found.  It  loolis  aa  if  ».  gray 
cloud  had  been  spread  over  the  disk  to  some  two  or  three  Jisk- 
diametem  into  the  retin.i.  This  cloud  extends  farthest  and  is  densest 
near  the  larger  vessels.  These,  however,  retain  nearly  their  usual 
calibre.     When  the  cloud  extends  to  the  macular  region,  the  fovea,  &8 
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shown  in  the  clironio-litbo|;;raph  >' o.  2,  IMate  IV.,ttpf)ciir8  as  a  pale  reddish 
spot  that  is  imbedded  in  tbe  area  of  grayish  retina.  Itemorrnages  which 
ure  apparently  due  to  thrombosis  that  has  been  cauved  by  disease  of  the 
couts  of  the  hloodvesselit,  muietiinos  occur  in  some  limited  area.  In 
many  instances,  chorift-retinitis  is  found  in  the  equatorial  region  of  the 
eye.  This  is  commonly  accompanied  by  numerous  point-like  upuciiiea 
in  the  vltreoua,  wliich  sometimes  appear  as  if  they  bad  been  duster]  on 
thin  separated, layers.  The  above  appearances  often  allow  a  probable 
diagnosis  of  the  general  disease  to  bo  made.  This  is  strengthene<l  by 
accompanying  cicatrices  in  the  skin  and  mucous  membranes,  or  by 
en  1  argument  of  tbe  cervical  or  submaxillary  lymphatic  glands.  Gen- 
erally, tbe  retinal  affection  causes  very  great  liiminution  of  the  acuity 
of  vision,  which,  even  under  energetic  treatment,  is  usually  slovr  to 
improve.  At  times,  tliere  are  discouraging  reUpses.  Another  rare 
\*»riety  of  syphilitic  retinal  disease,  is  the  so-called  central  reeurrent 
retinitU.  In  this  form,  the  most  noticeable  symptom  is  a  dense  central 
scotoma,  that  is  apparently  caused  by  a  gray  in6ltratton  of  the  maeolar 
region  with  whitish  spots.  If  it  were  not  that  theAe  macular  changes 
have  been  accurately  described  by  Graefe,  and  several  other  competant 
observers,  tbe  alternate  recurrences  of  the  scotoma  wonld  incline  tia  to 
look  for  a  retro-bulbar  neuritis  as  the  cause. 

The  best  treatment  for  Byphilitic  retinitis  is  that  by  mercurial  inunc- 
tion— a  drachm  of  mercurial  ointment  being  rubbed  into  the  skin 
twice  dady.  When  improvement  has  been  thus  obtaiued,  this  drug 
should  bo  followed  by  ascending  doses  of  ioflide  of  potassium.  If,  how- 
ever, the  patient  becomes  anoemic  under  treatment,  or  if  be  has  been 
so,  iodide  of  iron  is  a  valuable  remedy.  Light  but  nutritious  diet  with 
hot  baths  and  mild  s»line  purgativen,  are  ofbn  useful  adjuvants. 

J'iffmrntary  degeneration  of  t/ie  retina  [retinittt  piffincntota).  Many 
of  tbe  symptoms  of  the  typical  form  of  this  affection  were  well  known 
even  in  the  pre-ophthalmoacopic  days^-wpecially  night-blindness.  In 
these  cases,  the  opbthalmoscope  shows  that  the  diseaae  ia  accompanied 
by  a  progressive  atrophy  of  the  retina,  and  by  a  formation  of  irregu- 
larly stellate  pigiueut-patchee.  These  patches  are  first  deposited  in  the 
equatorial  rt^giou.  As  tbe  disease  advances,  they  augment  in  numbers 
and  gradiinlty  extend  as  an  ever-broadening  band,  toward  the  macula 
lutea. 

Fig.  277  represents  a  typical  case  of  the  disease  in  a  young  aul^ect, 
with  a  myopia  of  1,32.  There  is  almost  eomplete  absorption  of  the 
epithelial  pigment,  allowing  the  largQ  tortuous  vessels  and  dark  inter- 
spaces of  the  cborioidal  stroma  to  he  iccn.  A  considerable  portion  of 
this  pigment  has  wandered  into  the  inner  layers  of  the  retina  and  has 
been  ileposited  at  the  forks  of  the  smaller  vessels.  The  optic  disk  is 
still  capillary  and  the  main  branches  of  the  central  retinal  vessels  ore 
nearly  normal  in  calibre.  The  acuity  of  vision  was  considembtv  im- 
paired and  the  field  of  vision  was  so  contracted  that,  taken  at  eigUeea 
inches,  it  measured  eleven  inches  to  the  uasul  side,  fifteen  inches  above 
and  below,  and  eighteen  inches  to  the  outside. 

In  moderately  dcvelopeil  cases,  the  disk  and  the  central  bloodvessels 
are  normal  iu  appearuuce  and  character.     When  the  epithelial  pigment 
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has  been  partiallr  absorbed,  there  is  a  deposit  of  it  in  the  inner  retinal 
Uvers.  As  Lhc  disouse  advancea,  this  j^radual  absorption  of  pigment 
advances  throughout  the  eye-ground,  lnying  bare  the  large  and  tonaouB 
vessels  of  tbe  chorioiilal  stroma,  which  appear  B8  yellowish  hatidit.  At 
times,  the  epithelial  layer  wliiuli  hiiK  been  robbed  of  it«  pij^uient,  appears 
a*  a  delicate  reddish  stippling.  In  other  cases,  the  epithelium  takes  on 
a  whitish,  almost  silvery  sheen  before  tbe  pigment  is  absorbed,  this 
being  usually  seen  in  patches.    Later,  the  pigment-area  extends  farther 
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^M    ID  tovrard  the  disk  and  macula.     This  is  accompanied  by  a  marked 
^"    dimiiiution  in  the  calibre  of  the  retinal  vessels  and  a  gradual  atrophy 
of  the  retina  and  the  intra-oculur  end  ol'  the  optic  ui>rvu. 

The  dbtt-asc  ia  frfti|uei]tly  KiircdituTy,  and  mriy  «MieiiHioiinlly  be  traced 
back  for  sevKral  gencrationn.  It  altjicks  mtmy  members  of  the  same 
family.  The  males  are  tbe  more  frequently  afTectctl.  alLhougb  the 
daughters  neem  the  more  likely  to  trans^mit  the  defect.  Cunier,  in  a 
memoir  published  by  the  Socifete  de  Mfdecine  de  Gand  (1838),  has 
related  trie  history  of  a  family  in  the  commune  of  Vcndemisn  near 
Montpellier,  in  which  the  hereditary  transmission  could  he  traced  for 
two  centuries  (six  geueraiions).     Out  of  six  hundred  and  twenty-nine 
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iBiimdiuk  descended  from  one  Jean  Xougaret,  eighty-fire  wore  affectc-d 
vitli  tMncrfttopift,  wliile  no  otiiers  of  tlie  surrounding  populntion  ]>re- 
sentad  anjr  simiUr  svuiptnin«.  It  is  said  aim  to  be  one  of  the  results  of 
iutmmuvmgt  of  near  rcUtivoit.  Thin,  however,  i<i  probablv  true  onlj 
ia  the  cense  that  in  any  case  of  in-and-in  breeding,  Ibe  tendency:  to 
rvpruduce  &milT  pecaliarities  is  moch  streogtliened. 

The  «¥«  present  no  external  pecaliarities.  The  main  symptom  con- 
mta  ta  wying  degrcta  of  niKht-btindocss,  witb  contraction  of  the  field 
of  rtsioa,  wbteh  constantly  becomes  worse  as  the  disease  advanoec 
Ttiid  «ucLtiDues>  until  in  many  instances,  while  the  patient  alii)  retains 
good  eaatnl  viskuif  he  becomes  tike  one  looking  through  a  narrow  tube. 
aimk  caa  sm  only  ihoee  objects  which  are  situated  directly  in  front  of  him. 
TW  autbi)r  has  ^een  ^veral  case^  in  which,  with  central  vision  ranging 
from  3*)  XXX  to  20  XV,  the  form-field  was  limited  to  fi-om  ten  to  fifteen 
d«gK«&,  frum  the  point  of  fixation.  Throughout  the  field,  seusaiion  for 
lum  and  color  was  lairly  good.  This  great  narrowing  of  tlic  field  of  vision, 
riHiilH  ui  inafaUi^  to  see  but  a  portion  of  an  object  at  a  time,  not  only 
4lku>  the  patient  from  most  useful  work,  bat  makes  reading,  for  instance. 
bock  laborioas  and  ilifTicuIt.  Further,  it  renders  walking  in  crowded 
t]Mroagh£uv8  dangerous.  The  symptoms  rarr  considerably  »»  to  the  time 
of  bfe  at  which  uiey  beoomc  pronounced,  out  are  generally  marked 
b«tw«en  twenty-fire  and  thirty  years  of  age.  At  forty-fire  or  fifty,  the 
patient  is  oAen  rendered  practicully  blind  from  narrowing  of  the  Geld 
of  vitiiuaaud  the  diminution  of  the  visual  Hcuiir.  In  many  cases,  the 
development  of  posterior  polar  cataract  bnstens  the  failure  of  vision. 
Ssich  patients  are  generally  very  shy,  averse  to  any  prolonged  ophibal- 
ttMMcopic  or  perimetric  cxaminittion,  nnd  are  reluctant  to  talk  about  their 
fauiilv  histoiy.  Allied  to  this  form  of  disease,  are  cases  of  eongenital 
Mrophjf  oj  the  retina  and  o}itic  nerve.  These  are  infreqaont,  and 
have  b«en  insufiicterttly  studied,  to  admit  of  being  properly  claasified. 

Anatomical  examination  sIiuwh  that  there  is  an  increai«e,  with  subee- 
aaent  oontraction  of  the  connective  tissue  of  the  retina.  This  starts  in 
Ihe  external  layers  of  the  membrane  and  extends  through  its  entire  thick- 
KNMi.  There  is  also  a  migrutiou  of  pigment  from  the  epitheliam  into 
ib  sabstance.  This,  by  preference,  accuniutntes  in  the  lymph-sheaths 
of  the  capillary  vessels  and  small  arteries  and  veins.  The  accumula- 
tion  id*  pigment  is  apt  to  be  massed  at  the  bifurcations  of  the  retinal 
veoaela,  and  thuH  gives  rise  to  linear  or  stellate  patches.  The  blood- 
v«Mels  thicken,  become  contracted  in  calibre,  and  of\ea  appear  semi- 
tnukspamit.  Later,  their  tiBsne-elcment.o  become  ill-define<I.  In  the 
hrthw  procnss  of  the  digease,  the  epithelium  loses  its  pigment,  and 
(jb*  ttKV«-nhres,  the  gnngi ion-cells,  and  the  rods  and  cones  become 

IS^ienlation  of  the  retina  frequently  occurs  in  various  forms  of 
Ok^MTW-retinitis  and  chorioiditis.  Though  presenting  clinically  a  differ- 
<MI  ^Utorj^,  yet  it  exhibits  s^-mptoms  which  sometimes,  inasmuch  as  there 
in  tbiMHptiou  of  pigment  from  tlie  epithelium  and  a  massing  of  it  in 
ij^  skkMlha  of  the  vessels,  present  somewhat  similar  ophthalmoscopic 
^y||MI«IW«*-  In  this  form,  the  changes  arc  generally  accompanied  by 
ilMnykto  iwtvhus  which  arc  situated  in  the  tissue  of  tliechorioid  proper. 
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In  this  grouping  of  coses,  the  incrense  of  connective  tissue  Is  mora 
confined  to  the  outer  lavcrs  of  the  retinu. 

While  there  is  no  known  way  to  arrest  the  march  of  the  mala(3y  and 
to  prevent  the  final  blindness,  a  little  can  lie  uccomplisliod  to  comfort 
the  pAtienta  and  add  for  a  time  to  their  uiwfulncas  and  ahility  in 
pursuing  their  vocationa.  In  the  hands  of  the  author,  the  occasional 
empiovnient  of  small  rjuantities  of  bichloride  of  mercury,  aided  by 
siryclininc  in  doses  varying  from  one-sixtieth  to  one-sixteenth  of  a 
grain  a[id  continued  until  some  physiological  eSect  is  produced,  has 
been  of  considerable  service.  The  alryclmia  appears  to  act  by  augment- 
ing the  blood-pressure  and  thus  driving  tsouie  nuLriuieut  to  those  portions 
of  tlie  retina  which  are  sLirved  hy  vajtciilnr  t^oiiii-aetion.  TiiiR  is  ttbown 
by  the  fact  that  there  is  often  »  slight  exten-iioii  of  tlie  form-field  under 
its  use,  which  is  frequently  agreeably  appreciated  by  the  patient. 
H.  Derby  and  Standish  assert  that  the  use  of  the  constant  galvanic 
current  will  accutuplish  the  sume  result. 

hetarhiHeiU  of  the  retina.  Wlicre  this  formidable  affection  occurs 
primarily  in  eyes  not  bearing  the  marks  of  previous  active  inflamma- 
tion, it  usually  appears  suddenly.  Tlie  patients  nwlice  a  cloud  in  some 
part  of  the  field  of  vision,  tbi^  being  at  times  accofnpanicd  by  fljishes  of 
light,  and  by  a  distortion  and  an  apparent  motion  of  objects.  In  the 
majority  of  instances,  the  dclachmcnt  takes  place  somewhere  between 
the  equator  and  the  posterior  pole.  If  it  comes  forward  toward  the 
ciliary  body  auj  len»,  this  result  is  due  to  an  after-extension.  In  some 
instances,  ophthahnofwopic  oxnininHtion  <pf  recent  detachments  shows  a 
slight  rounded  hill  or  prominence  in  tlie  retinji.  Behind  this,  the  details 
of  the  chorioid  can  be  only  dimly  seen.  Where  tlie  retina  reLiins  its 
transparency,  and  exhibits  no  marked  change  except  in  its  dLiplaoement, 
the  detachment  may  readily  be  overlooked  during  »  careless  examina- 
tion. Generally,  however,  a  gmvish  or  whitisli  cloud  on  which  the  retinal 
vessels  mmify,  can  be  seen  at  8»in«  jt-irtion  of  the  eye-groimd.  On  the 
jirouiiiicnce,  the  veKsels  becunjc  darker,  lose  their  central  tight- reflection, 
anfi  at  times,  appear  .tmaller  in  calibre.  Tho  Inst  peculiarity  ia  probably 
due  lo  the  fact  that  they  lie  nearer  to  the  nodal  point  of  the  combined 
lenses  of  the  eye,  and  are.  therefore,  less  magnified.  The  detachment 
represented  in  Fig.  278  came  on  soddenly  in  the  emmetropic  eye  of  a 
clerk,  while  seated  at  bis  desk  and  writing.  An  ophthalraoscopio 
examination  about  half  an  bour  later,  showed  n  large  detachnient  of  the 
retina,  which,  commencing  near  the  horizontal  meridian,  about  a  disk- 
diameter  outride  of  the  dit^k,  extended  into  the  equatorial  region.  Six 
days  later,  the  effused  fluid  had  settled  lo  a  lower  part  of  the  eye- 
ground  and  had  extendprl  forward  to  the  ciliary  region.  The  picture 
repreeents  the  detachment  as  it  tlicn  appeared.  .\t  lime-s.  a  rent  or  tear 
in  the  retina,  which  is  most  apt  to  take  place  near  the  ecpiator,  may  be 
seen.  Tlirough  this  tear  the  details  of  lIlc  chorioid  arc  plainly  visible. 
Where  the  rclina  is  thrown  into  a  number  of  folds,  there  is  liability  to 
mistake  the  valley  between  tbuui  fur  ii  tear  in  the  membrane.  Iti  most 
vitreous  opacities  are  pnweut.     When  the  dotuchraent  has  taken 

ee  in  the  upper  or  in  the  Literal  portions  of  the  retina,  it  is  apt  lo 
gradually  gravitate  toward  the  bottom  of  the  eyeball,  and  when   the 
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lesion  hns  existed  for  »ny  length  of  time,  tlierc  is  nimoat  inraritbl^t 
detachmeDt  of  the  lower  part  of  the  rotiiis.  lu  ibo  majority  of  instaocs, 
the  detached  retina  cca3es  to  fnnction,  ihu»  causing  a  defect  in  the  cor- 
reeponding  part  of  tlie  field  of  riition.  OccanioDally,  hovrevn-,  light- 
perception  is  retained  for  eotiie  time.  When  the  effusion  hiui  grsTitaic<] 
to  the  lower  part  of  the  eye,  the  portion  of  the  retina  originally  ileuchpd 
oflen  reapplies  it««lf  to  the  chorioid  nnd  sometimes  resumes  its  tonctiotu. 
It  is  doubtful,  however,  whether  its  phjaiological  action  is  ever  fiillr 
re- establish eil.  When  the  parts  near  the  macula  are  uninvolred,  central 
vision  is  often  good.  There  is,  however,  always  a  certain  torjior  of  lb* 
retina,  which  cansea  a  nece-saitv  for  hripht  illumination  to  obtain  gooi 
vision.     Mode  rate- diced  ddaciimentB,  which  either  have  ortginateil  ^ 
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the  bottom  of  the  eye  or  have  gmvitntcd  to  this  position,  may,  at  times, 
remain  quiescent  for  years  without  appreciable  change.  GenerallT, 
hriwovcr.  there  is  u  tendency  for  them  to  become  larger  and  to  invaiie 
the  anterior  part  of  the  eye.  Sometime*,  they  come  so  far  forward  ta 
to  be  visible  by  oblique  light.  In  cased  where  the  detachment  is  total. 
the  o[ihthalma*cope  shows  only  gray  clouds  without  any  re<l<U.Hh  reflex. 
M'hcn  the  detachments  are  extensive,  and  when  they  invade  the  auierior 
parts  of  the  eye,  the  lena  usually  becomes  cntantctous.  Plaatic  iriti)4, 
producing  a  closure  of  the  pupil,  or  infiltration  of  the  angle  of  the  iris. 
causing  B  secondary  glaucoma,  may  aleo  appear.  Even  in  pOBlerior 
detachuient  of  sm»H  extent,  there  is  a  marked  interference  with  the 
nutrition  of  the  lens  and  a  tendency  to  the  development  of  cataract 

In  many  owes  where  there  is  an  inflaminaliim  of  the  anterior  part  ot 
the  eye  that  is  sutfificnt  to  prevent  ophthrdinosoopic  examination,  it 
i«  neceasar^  to  rely  on  the  rnlional  symptoms  for  a  diagnosis.  The«« 
consist  mninly  in  thoAe  which  are  usually  found  in  all  cases  of  detarJi- 
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-loss  of  vision  ordinarily  in  the  upper  pnrt  of  the  6elil  and 
diminiahed  tendlon.  The  atnoaiil  of  mobility  of  ihe  dctftclietl  retina  is 
wrj-  vwioiw.  In  aome  cases,  the  ophihalmMcoj>e  shows  marked  wave- 
like moTemeuts  with  every  ohange  of  position  of  the  eyeball.  In 
others,  there  is  little  or  no  perceptible  motion.  As  will  be  seen  in 
dtKOssitig  the  pathology  of  the  atTection,  detachment  of  the  retina  U 
always  secondary  to  yome  disonler  in  the  rmiriiioii  of  the  eye.  Ordi- 
Kittrily,  where  not  traumatic,  it  is  a  sequence  of  myopia,  of  an  intra- 
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teolar  tutnor,  or  of  some  form  of  chorioiditis,  or  cyclitia.  Traiima^c 
detachment,  which  is  apt  to  appear  either  as  a  prlmarv  or  a  secondary 
ch&iig«  where  there  ha^  been  any  large  wound  of  the  eyeball  tlut  per- 
mits of  a  considerable  loss  of  vicrcons  humor,  is  probably  eitJier  directly 
caused  by  sab-retinal  hctnorrboge  from  bur4ting  of  the  chorioid  vessels, 
or  may  appear  as  a  seiiueiice  to  retractive  processes  produced  during 
ciealrizalion. 

As  lietachment  of  the  retina  occurs  -'»uddenly  in  the  vast  majority  of 
oases,  without  any  increase  of  intrn-ocular  tension,  and  oflen  with  but 
little  visible  change  la  those  pnrts  of  the  chorioid  that  are  accessible  to 
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0[ihtlialnio8copic  oxumination,  it  cannot  l>e siiupoeeil  that  either  ur  coH' 
Biderublc  quantity  of  ttie  ovf^-oontcnti  i«iid(l(^nly  exDilen  from  the  pthe\io 
aske  room  for  sub-retitml  eflustoii,  or  tbut  »uch  eflugion  occurs  smileKlj 
witbout  increase  of  intra-o<?ular  tension.  Until  the  recent  carefbl  itujia 
of  Leber  and  Nordenson  tlirew  light  upon  the  subject,  the  psibologf 
of  the  affection  was  therefore  a  riddle.  They  proved  that  retitnl 
detachment  is  usually  preceded  by  eoarso  fibrlUation  of  the  vJtnwai 
humor,  which,  pulliug  from  the  ciliary  processes,  causes  detaclimat 
of  tlie  vitreiiufi  and  its  separation  from  the  inner  surface  of  the  reiiw; 
the  space  tbus  letl  being  filled  by  a  serous  exudation.  As  the  vitrtoiii 
in  franc  of  tlie  equator  is  much  more  firmly  attached  to  the  retini,  iht 
detachment  is  generally  situated  posteriorly.  Continuation  of  tkii 
drag  finally  eauscB  the  retina  to  tear,  this  usually  occurring  somewhin 
ncnr  the  ocular  equator.  The  fluid  containtfd  in  the  space  fomirrijr 
occupied  by  tbe  vitreous,  can  now  suddenly  find  its  way  undrr  tiff 
reliiia  and  tliere  lift  the  layer  uf  rodK  and  cone^  away  from  the  pigmeat 
layer.  Tbe  detiicbed  portion  of  the  retina  now  floats  forwnni  on  tlie 
entering  fluid,  attd,  inasmuch  as  there  ia  fiuid  both  behind  it  and  is 
front  of  it,  it  waves  with  each  motion  of  tbe  eyeball.  Fig.  2T9  reprt- 
Bents  a  spontAneous  deiacbtiicnt  of  the  retiua  which  occurred  in  a  uivojhc 
CYC  (M  =  l  1*2).  The  retina  ifl  thickened  and  folded  at  iu  posterior 
part.  It  thins  rapidly  between  the  equator  and  the  ciliary  body.  Th» 
vitreouH,  which  ia  also  detached,  is  enclosed  in  it  as  in  a  funnel.  The 
posterior  part  of  tbe  vitreoui?  lies  in  the  equator  of  the  eve  and  itsi^ 
stance  is  thickened  and  frbrillated,  this  being  roo«t  marketUy  uuUct^^H 
in  the  anterior  portion. 

Fig.  ii^O  shows  the  position  of  &  rapture  in  the  retina,  which  ww 
located  by  the  ophtbtilmoticupe  during  life.  The  folding  and  nine- 
tion  of  thut  membrane,  thuu  Uiiving  a  largo  opening  between  the  lab* 
\ntreous  and  sub-retinal  spaces,  can  be  plainly  Ken.  The  figure  iho 
shows  tliG  tibrillaiioti  of  the  vitreous. 

All  reiimd  detncbinents  do  not  originate  in  this  manner.  This  fa 
well  seen  where  the  uflection  forms  slowly  and  is  accompanied  by  grw( 
local  swelling  of  the  retina,  as,  for  instance,  in  some  coses  of  albuminafic 
retinitis,  or  in  the  detachment  which  occurs  in  the  earliest  stajta  ti 
chorioiihil  tinrcomu.  In  such  cii^tos,  fluid  gnidually  uceuinulates  bebild 
the  retina  and  pu-'ibex  this  membrane  forward  u^iainst  the  comparativelv 
intact  vitreous.  Of  course,  such  detachments  do  not  move  fi-eely  witt 
the  motions  of  the  eye.  Later,  however,  as  the  vitreous  shrinks,  « 
retinal  rupture  may  occur,  allowing  fluid  to  be  found  both  in  front  U)^ 
behind  the  retina,  and  permitting  free  mobility  of  the  detached  men- 
hrane.  When  the  detachment  is  of  long  standing,  the  nutrition  of  thi 
retina  is  impaired.  The  interstices  contain  effused  lyuiph  and  so^«d 
nerve- substance.  Us  connective  tiaeijo  increases.  Iti  this  way,  cwo 
are  formed  in  the  retina.  Tbe  increase  of  connective  tissue  is  often 
foutid  most  marked  alon"  the  larger  vessels,  giving  ri^c  to  cicatricial 
bands  In  this  situation.  Itaehlmann  has  produced  detacliment  of  the 
retina  by  itijecting  strong  »iline  solutions  into  the  vitreous,  thuscauiag 
great  effusion  of  a  dcniic  ntbuminou<t  fluid  from  the  ehurioidal  veawfa; 
From  this  experiment,  he  reasons  that  the  retina,  acting  like  any  other 
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lialyziog  membrane,  offers  more  resistonce  to  Ouids  in  proportion  to 
their  density,  und  that,  tlitiroforc,  a  portion  of  liiccfTuitcd  fluid  accumu* 
latcs  behind  the  retina  and  piinhas  it  from  tlic  t-hnrioid.  Where  tlie 
.ketiD»l  detadiment  is  complete,  the  retinal  abeet  is  found  stretuhinjc  m  & 
fbtinel  icross  the  eye  from  the  optic  nerve  to  the  ora  serrata,  ami  con- 
taiiiiug  the  shrunken  vitreous  wilhin  it.  This  ftinneMike  form  is  sur- 
ronndM  hy  a  cleur  yellowish  albuminous  fluid,  which,  in  tbe  miyorily 
of  cases,  i<t  transparent  and  free  from  flocculi  and  contains,  at  most,  a 
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^w  niaceruted  retinal  rods  and  cones.  This  has  been  abundnntly  proved 
JV  the  autopsies  of  Arit  and  of  Leber,  and  by  the  repeater!  tappings  of 
ie  eyeball  in  the  living  subject  as  executed  by  Wecker. 

From    what  has  been   said  of  the  pjithob)g^'.  it  follows  that  unless 

line  means  are  found  to  prevent  the  further  thickening  and  eondensa- 

ion  of  the  anterior  part  uf  the  vitreous,  and  thus  do  uwuy  witli  the 

lechaoical  pull  on  the  retina,  all  pliiiis  tending  towani  a  permanent 

ire,  must  usually  be  illusory.     In  fact,  even  if  temporary  amelioration 

olitaineiU  all  aiteniptd  to  remedy  this  state  of  affairs  arc  generally  in 
le  long  run  ineffective. 

In  recent  cases,  a  dimination  of  the  detachment,  and  sometjmos  a 
implete  rcnpplication  of  ttic  retina  to  the  chorioid,  may  be  sifnred  by 
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putting  tlie  putieiit  at  reet  on  liifi  hack  in  bed,  bandagiii;;  tlie  eTP,uil 
giving  liim  injections  of  pilocarpine  in  tlie  temple.  Unfortuttattlir, 
in  most  iDStsnces,  this  lasts  only  so  lon^  as  (he  palient  ta  kept  iQ  a  recsa- 
bent  posture.  Graere  proposed  perforatinj;,  tearing,  and  cutting  tip 
dctaclied  retinn  with  needles,  tbue  iilWiiig  the  aub-retin&I  fluid  t«  Sft4 
its  way  into  tbe  vitreous.  Drainage  of  liie  fluid  tlirough  nu  ioctiiui 
in  the  sclera  and  chorioid,  or  aspiration  with  a  subcuianeous  sTriage, 
have  often  been  practised.  In  order  to  secure  permanent  drainage, 
M'^ecker  has  inserted  golil  wires  and  canulas  to  prevent  the  wouiw 
Irom  closing.  In  order  to  cause  adhesive  chorioiditis  with  cicatrical 
contraction,  ho  has  more  lately  recommended  the  application  of  itbito- 
hot  pointa  to  the  sclera,  hoping  thus,  if  possible,  to  produce  a  drftvini 
of  tlie  nunn  into  place.  He  recommemls  tlmt  six  or  eight  such  appG- 
cationa,  hy  moans  of  a  galvnno-caulerr,  be  made  beneath  the  deiadh 
ment  after  rotating  the  eye  upwanl.  He  performs  the  opentioB 
as  far  back  us  pmctJcuble,  repeating  it  every  eighth  daj.  Sehochr 
advocates  the  injection  of  two  or  three  drops  of  tincture  of  imlinf  iDta 
tbc  vitreous  humor.  Althouj^b  these  procedures  have  in  somi;  caM 
produced  improvement  in  the  iichi  of  vision,  nnd  caused  the  retina  to 
reapply  itself  to  the  chorioid,  yet  these  effects  are  only  too  often  trtn* 
siciit.  Moreover,  the  continui^l  invenilon  of  new  metliods  points  u>  ihe 
inefficiency  of  those  which  have  beeti  previously  nsed. 

Glioma  is  a  malignant  tumor  of  tlie  retina,  which  exclusivelv  afiec<s 
young  children  nnd  adolescents.  It  is  most  frequently  found  tietven 
the  ages  of  six  months  and  four  years.  Several  instances  are  reportwl 
where  it  has  attacked  several  children  in  one  family.  Infrcfjuentlr, 
there  has  been  a  history  of  similar  trouble  in  the  previous  generatioii. 
FortuKutely.  it  is  a  rare  disease.  At  Aril's  clinic  there  were  firocasei 
of  glioma  out  of  eight  thoumnd  four  hundred  and  fifty-one  patients.  At 
Coccius's  ciiuic,  there  were  three  out  of  seven  thoosand  eight  hoDdnJ 
and  ninety-eight  patients.  At  the  Wills  Eye  Hospital,  there  have  bm 
but  nineteen  out  of  one  hundred  and  eight  thousand  five  hundrol  ml 
seventy -eight  patients.  Wc  neldom  have  an  opportunity  of  studying  it 
in  its  incipicncy,  ha  the  little  patient*  arc  not  likely  to  complain  of  <UB 
vision.  It  is  only  when  the  pupil  begins  to  diUte,  and  when  a  whituli 
reflex  behind  it  becomes  visible,  that  the  parents  first  notice  that  tfat 
eyes  are  affected. 

The  ophthalmoscope  reveals  a  whitiish  tumor  of  the  retina,  which  i» 
covered  by  blood-bearing  retinal  vessels.  Occaaionallv,  it  is  sprinkled 
with  minute  hemorrhages  that  ])roj>ect  into  the  vitreous  chamber.  Tbr 
growth  itself  is  usually  yellowish-while,  with  spots  which  are  taoTt 
opacjue  and  are  more  saturated  in  color.  Sometimes,  other  htllt 
whitish  spots  of  commencing  retinal  infection  may  be  seen.  Durii^ 
this  stage,  there  is  neither  increase  of  tension  nor  pain.  As  tiw  mas 
grows,  the  eyeball  becomes  hard,  and  the  pericorneul  veins  beoone 
injeciod.  There  is  nloudincss  of  the  cornea  and  uoueous  hc"'^ 
At  limes,  there  may  be  tlie  formation  of  cataract.  Ihe  inert 
tumor  infiltrates  the  chorioid  and  the  ciliary  body,  and,  either  by  du- 
placement  of  the  peripheral  insertion  of  the  iris  or  by  proliferaooo 
through  the  pupil,  reaches  the  anterior  chamber.    Later,  the  cornea  ht 
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its  nutrition  m  greatly  intei-fercfl  with,  that  it  slonghA,  caaning  rupture 
of  the  eyeball.  Owing  to  the  ton-grade  inflamtaatory  procettscs  set  up 
in  diU  stage,  a  sbrinkiDg  of  the  globe  (partial  plithlsie  buibi),  willi  an 
apparent  Imlt  in  the  progress  of  the  cliaea.'^e.  is  eomotime^  i^e«n.  This 
cause  is  usually  of  short  «turation  ;  thouifU  WuiJsworth'  records  a  case 

^in  wliich  the  period  of  imlolfnce  liLsted  for  twenty  roonths.  If  epi- 
Kleral  growths  have  not  already  ctccurrcd,  they  are  now  »[il  to  take 
jilaoe.  The  fliseafte  may  alsu  extend  backwnnl  tlirmigh  tlm  optin  norve 
lomril  the  brain.  The  eyeball  again  increaswi  in  size,  Mavises  of 
vaacslar  granulations  sprout  from  Its  anterior  part,  push  aside  the  V\»h, 
lodfbnn  a  large  niashTOora-shflpe<l  growth,  which  is  covered  with  small 
sloughs  and  bleeds  at  ibi;  )<lightest  touch.  TIte  child  becomes  feverish 
and  emaciated.  At  thin  time,  it  h  fre<{uonily  found  chut  the  infiltration 
has  extended  back  into  the  brain,  soinetimea  forming  either  a  diffuse 
tumor  in  its  substance  or  rounded  lunipt;  between  the  dura  muter  and 
Ihe  cancellous  bone-tiasiie  of  the  calvarimn.  MetJiHtiwea  are  alao  apt 
to  appear  on  the  outer  side  of  the  skull,  between  it  and  the  |)eriost«um. 
They  are  very  prone  to  furm  at  the  angle  of  the  jaw.  They  are  also 
recorded  as  having  been  found  in  the  clnvicle,  the  ribs,  and  the  humerus. 
When  thv  iuternul  organs  are  attuvked,  the  disease  is  most  frequently 
found  in  the  liver.  Death  enttues  from  exhaustion  nnd  the  deleterious 
effecttt  of  the  absorbed  portions  of  the  degenerating  tumor  musses. 

When  opjKirtunity  lor  enucleating  the  eyeball  during  the  first  slag* 
^■of  the  disease  is  offered,  a  whitish  tumor  situuieil  in  the  retina, 
jrojecting  bftckward  through  the  outer 
layers  and  raising  them  from  the  chorioid, 
[ia  shown  in  Fig.  281,  is  found.  At  times, 
le  growth  may  spring  from  tho  inner 
layers  of  the  retina,  ami,  by  extiMiding  in- 
ward,  may  increase  to  a  con?iiderable  sixe 
^Vvithout  producing  retinal  ileCaclinient.  As 
^|the  growth  is  of  extremely  rapid  develop- 
^PiDent,  it  goon  attains  n  considerable  size. 
This  is  quickly  P:)Howed  by  the  formation 
of  yellowish  p«tclie*  of  fatty  degeneration 
in  it,  with  fnK|ueiit  granular  depuflius  of 
carbonate  and  phosphate  of  calcium.  The 
exact  starting-point  of  the  growth  does 
not  alwavH  seem  to  be  the  wiine.  Tt  often  appears  to  originate  in  the 
outer  nuclear  layer.  At  other  times,  the  inner  nuclear  layer  is  found  the 
most  aflecled,  while  even  the  fibre-layer  has  been  reported  by  both  Man- 
fre<li  and  Iwanoff  as  being  the  seat  of  its  commencement.  Microscopic 
examination  of  any  peri|iheral  part  of  the  tumor,  shows  a  delicately 
fibritlttCod  reticulum,  with  numerous  bloodvessels  and  round  tumor 
cells.  The  cells  themAolveii.  which  are  small,  and  at  times  appear 
slightly  [mlygoniit  in  hardened  specimens,  contain  large  nuclei.  Where 
they  are  mixed  with  anv  considenible  number  of  spindle-shaped  cells, 
the  growth  is  generally  described  as  glio-sarcoma. 

I  Tniu.  inwr.  OpHlhKt.  SoclcV.  ton,  pp.  11-2S. 
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Fig.  282  gives  a  represcnutionof  the  microscopic  appairuDoeflUfluall^r 
encountered  in  glioma.  Tlie  celU  from  llie  intra-ocular  tnrnor  are 
shown  at  A.  ii  shows  »  section  where  the  growtli  has  infiltrated  tbe 
sclerotic  and  passed  into  the  orbit,  c  exhibitji  n  ncction  of  n  tiecondary 
tumor,  which  had  formed  hctwceti  tliedara  mater  and  tlie  skull. 
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The  cells  of  glioma  have  frequently  been  likened  lo  those  of  the 
nuclear  layers  of  the  retina.  DelafieUU  however,  has  shown  thai  the 
resemblance  holds  good  only  in  hardened  specimens  examined  with  low 
powers,  and  asserts  that  fre^h  specimens  examined  under  high  magnify- 
ing power  without  reagents,  bear  close  resemblance  to  ordinary  lymphoid 
cells. 

*\^  soon  as  the  dingnosis  is  reasonnbly  sure.enuci nation  should  be  silvised 
as  the  only  hope  of  either  curing  the  patient  or  preventing  a  lethal  issue. 
This  should  be  done  even  if  the  eye  still  retains  some  vision.  Althou^ 
cases  of  permnnent  cure  following  cnuclctlion  iire  reported  by  Knapp, 
Carter,  Hiracliberg,  Manfredi,  iind  Agnew,  in  which  no  recurrence 
took  pluci!  iiur  any  development  of  the  disease  in  other  organs  occurred 
for  periods  of  from  twenty  months  to  fifteen  years,  yet,  in  the  vast 
majority  of  instances,  the  disease  soon  renppears.  In  performing 
euuclention,  the  optic  nerve  should  be  cut  off  far  hack,  and,  if  any  in- 
filtration of  the  proximal  end  of  the  cut  snrface  be  appnrent,  the 
remaining  portion  should  be  severed  close  to  the  optic  foramen.  WTiere 
any  episcleral  growth  is  found,  exenteration  of  all  the  orbital  tigauca 
should  be  perTornied.  Tbe  periosteum  should  be  removed,  utid  any 
doubtful  spots  in  the  bare  bone  should  be  touched  with  rhloridp  of 
zinc  pMte,  hot  iron,  or  the  galvano-cautery. 


■  Arclilvca  or  Optillwliaolocr  ASd  Oiolaf7t  U.  p.  n. 


CHAPTER    XXX, 

AFFECTIONS  OF  THE  OPTIC  NERVE   AND    ITS  INTERNAL 
PROLONOATIONS. 


OwcKd  to  the  fact  tliat  tlie  iierve-fibrea  lose  their  iDveating  marrow- 
aheath  before  pas^ng  Uie  Inmiiiii  cribroaa,  the  bend  of  the  optic  nerve 
is  mifficicnlly  transpjirMit  to  often  allow  the  whitish  apjiearanco  of  the 
meebeo  of  the  lamina  ami  the  darker  color  nf  the  nerve-fibrea  tliut  pass 
tlirouffh  them,  to  he  recof^riized.  The  stiperKciul  fibres  of  the  nerve  are 
sufficientljf  capillary  to  give  it  a  pink  tinge.  Apart  from  this,  the  color 
is  yellowish- white  in  the  majority  of  cases.  Id  others,  it  is  grayish,  with 
a  slight  bluish-green  tinge.  In  chiMhood,  especially  in  cases  of  hyper- 
metropia,  the  pink  hue  is  very  iiifirked.  As  old  age  advances,  the  disk 
becomes  less  pink,  jut^iitning  ii  grayer  tint  and  becoming  le!«  trans- 
parent. 

Congestion  of  the  retiusl  vessel!?  is  generally  accompanied  hy  an  in- 
crease of  the  superticiul  avpillary  tlush,  while  congestion  of  the  chiirioiilal 
vessels  often  manifests  itself  by  a  more  deeply  situated  and  duller  reil 
color  ill  the  nerve.  In  fact,  it  is  situated  at,  and  junt  in  front  of,  the  lamina 
crihrosa.  Almost  all  infliiinmations  of  the  ciliary  bodies,  of  the  chorioid, 
and  of  the  retina  are  aoconipanie^l  by  an  increased  vaticulariCy,  ecdeina, 
and  swelling  of  tJie  head  of  the  nerve — a  true  neuritis  ascendcns. 
This  condition,  although  usually  soon  bidden  from  view  by  increasing 
opacity  of  the  media,  is  invariably  confirmed  hy  autopsy. 

Nftirt'tii  from  eift'-ftrnin.  Kvery  effort  at  accommodation  find  con- 
vergence is  normally  accompanied  by  an  augmented  ilow  of  blood  to  the 
eye,  and  an  increase  in  the  circulation  of  the  ciliary  body,  of  (he  retina, 
and  of  the  chorioid.  Where  these  efforts  are  unduly  repeated  and 
prolonged,  an  infiltrHtion  of  these  tissues  with  sernm,  a  persistent 
dilatation  of  their  capillaries,  and  a  loss  of  trnnsparcncy  in  the  fibre- 
layer  of  the  retina  result,  nhith  is  most  marked  w  here  it  is  thickest  just 
after  Iwiviiig  the  ilisk.  The  head  of  the  nerve  itself  becomes  redder  anil 
slightly  swollen,  the  ophtbidmoscope  often  showing  a  prominence  of 
0.50  D,  Its  boundaries  appear  hazy  from  increased  opacity  of  the  fibre- 
layer,  freqoently  being  lost  to  view  at  the  nasal  side,  where  the  narabers 
of  the  nerve-fibrils  are  the  greatest. 

If  the  eye  he  rfttted,  especially  if  this  he  made  ahsnliite  hy  tlie  use 
of  airopia,  the  retinal  opacity  will  clear  up  and  the  nerve-head  resume 
its  normal  appenmnce  In  a  few  days  to  a  few  weeks.  In  (>ome  excep- 
tional cases,  the  swelling  increases.  The  normal  boundaries  of  the  nerve 
become  hidden,  and  the  capillarity  and  (edema  of  its  intra-ocular  end 
increase  so  far  as  to  cause  a  projection  of  its  summit  to  1.  D.  to  1.50 
D.  In  verv  rare  cases,  it  mnv  hecomc  as  much  as  2.  D.  The  author 
has  several  times  bad  an  opportunity  of  examining  cases  in  which  this 
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neuritis  wns  m  marked  nn  to  cause  gmvc  (tr>iihtA  ivbether  it  migiit  not  be 
tbe  herald  of  iiitru-cranial  disease.  By  observation  for  many  montlu, 
however,  and  uiuler  rest  of  tlie  eye  and  tlie  use  uf  proper  leoMS,  Um 
patient's  good  lieaUh  continued,  ftod  tlie  swelling  partially  or  compUwlj 
subsided.  Nevcrtliclcss^  in  tbe  majority  of  casee  where  there  ie  ■  pnMU- 
nence  of  two  diopters  or  over,  the  conditions  arc  fiu  more  Mriom, 
betokening  iutra-urbital  or  inira-crauial  disease. 

PajtiUitk  I  Chnkr.tl  disk — S(aunng«-PapiUa)  By  this  lerm  is  d«ie- 
nntcd  a  decided  AwelHng  of  the  inlra-ocular  end  of  tbe  optic  nerve,  whieli 
forms  a  small  convex  tumor  that  projects  into  tbe  vitreous,     lu  msaj 

Fio.SSl 
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instances,  it  is  so  marked  that  its  antcro-postcrior  diameter  or  height 
becomett  euual  to  tbe  width  of  the  originu.1  area  of  the  disk  itself  in  tbe 
plane  of  tlie  rettua.  On  ilie  mirfaci-,  engorged  capillariea,  which  per- 
meate the  swollen  head  of  the  nerve,  arc  risible.  These  ar«  often  acoota- 
panied  by  small  superficial  hemorrhage!!.  The  nerve-tibres  are  swollen 
and  <:pdematou4.  They  li»ve  also  lost  their  transparency.  In  consequence 
of  this,  the  following  conditions  may  appear:  obliteration  of  the  phys- 
iological oxca^'ution,  a  hiding  of  the  branches  of  the  centtml  n-tinal 
artery  to  reappear  in  the  periphery  of  the  cyc-ground,  and  a  veiling  or 
entire  iUsappoarance,  at  limeB,  of  the  more  stiperficial  veins  fur  a  short 
distance,  hy  the  swollen  and  opaque  nerve-fibre,  to  again  become  tortu- 
ous, dilated,  and  rendered  visibte  as  dark  bluisb-rcd  cylinders  which  ran 
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down  the  sides  of  the  swollen  disk  before  regaining  their  normal  lerel 
in  the  retina.  Th«  diak  is  also  swollen  Uternllj.  This  is  shotrn  in 
Fig.  283,  which  represents  n  swollen  ditik  found  in  a  case  of  ehn^ntc 
neningitis. 

Clironio-lithogniph  No.  I,  on  Plate  V., showing  the  opiithalnioscopic 
sp|>etimnce  of  the  early  Mage  of  piipillitis  in  a  cui^e  of  Itrlglit's  di8e»Be, 
gives  3  more  vivid  picture  of  the  conilitI<"in. 

The  lateral  swelling  of  the  disk  ciin  often  be  best  appreciated  by  the 
bet  that  the  distance  between  its  icrapornl  border  and  tJie  fovea  centralis 
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is  less  than  usual.  In  such  cases,  tliere  is  an  enlargemetit  of  the  blind-spot 
in  the  field  of  vision.  In  some  inatances,  the  disk  will  remain  nearly 
in  the  same  state  of  swclliug  for  muny  months.  Gruduatly,  however,  it 
assumes  a  more  pallid  tint,  ami  often  a  iiliiiKh-gmy  hue.  Tlie  superlicial 
capillHrie<>  disappejir,  and  the  .swollen  iierv^-head  begins  to  shrink  both 
vertically  nnd  ialerally.  In  short,  n  process  of  cicatrization  sets  in. 
which  gradually  leails  to  contraction  of  the  disk,  atrophy  of  it^  nerve- 
Gbrfs,  and  a  diminution  in  the  calibre  of  the  central  artery  and  vein. 
When  ihe  atrophy  is  complete,  the  disk  genoralty  becomes  bluish-  or 
grec-ni-iih-gray  in  Tint.  Poraetimes.  it  may  become  even  whitish.  In 
either  instance,  a  huzo  that  fringes  its  margins  may  remain  for  mouths., 
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bearing  evideDcc  of  the  foregoiug  inflammation.  Fig.  2M  sliows  a 
regreBsive  neuro-rciinitis.  The  prcviouslv  swollen  Hiak  has  shrunken 
nearly  to  the  retinal  level.  The  retinal  bloodvessels  are  constriciej.an'i  the 
hazy  ncrve-fihres  i!V'erywlii'rf  hide  the  Siilemt  ring  and  liirriiini  cribnwu. 
In  the  early  stages  of  papillJlis.  there  are  often  no  associateii  syniptoms 
that  can  be  used  to  indicate  it»  presence.'  The  author  has  seen  case.*' 
where,  for  months,  in  spite  of  n  high  degree  of  swelling  and  increased 
vascularity,  there  was  nearly  noinial  vision.  Mauthner,  Blessig,  and 
Schiess-(iicrau8eu9  Iiovo  recorded  instances  in  which,  although  there  has 
been  a  high  grade  of  choking  of  the  disk,  nonniil  vision  was  retained 
till  death.  As  the  vascularity  diminishes,  a  gradual  diminution  of  acuity 
of  vision  for  both  form  and  color,  with  concentric  contraction  of  the  field 
of  vision,  genenilly  ensues.  At  Brat,  this  is  not  demonstable  by  strong 
light,  it  being  made  manifest  only  by  reducing  the  illumination.  If  thb 
be  done,  it  will  be  found  that  the  patient's  visual  acuity  diminishes  much 
more  rapidly  thun  our  o^vn.  A  little  luter,  this  becomes  evident  with 
liny  method  of  teifting.  Eventually,  the  viaion  mny  beoorae  so  lowered 
that  only  a  mere  ability  to  sec  the  motions  of  the  hand,  for  instance, 
will  remain.  At  timet;,  it  may  continue  until  there  is  absolute  losa  of 
light-perception.  Kven  in  eyes  where  the  disk  appears  quite  atrophic, 
sufficient  sight  may  remain  to  enable  the  patient  to  grope  about  unas- 
sisted. In  the  majority  of  instances  where  there  is  marked  papillitis  in 
eoch  eye,  it  is  due  to  some  intra  cranial  disease.  Where  the  other  ajrmp- 
toms  leave  doubt  as  to  the  existence  of  a  brain-tumur,  the  occurrence  of 
double  choked  disk  is  always  strong  evidence  of  its  presence.  When  this 
symptom  is  absent,  however,  and  where  there  are  otliers  that  point  to 
incra-craniat  trouble,  it  must  be  reinemlH3reil  that  papillitis  is  not  to  be 
expected  in  alt  cases  and  at  nil  stages  of  the  complnint.  In  fact,  as 
Ilughlings-Jackson  has  told  us.  choked  disk  is  essentially  a  transitory 
symptom,  and  mny  develop  late  in  the  progress  of  the  disease.  So  long 
as  the  absorption  of  cerebral  tiasue  keeps  pace  with  the  growtli  of  the 
tumor,  there  will  be  no  decided  increase  of  inlra-cranial  pressure  and 
BO  effusion  into  the  *tub-anichnoid  spitce.  When,  however,  there  i%  a 
sudden  congestion  of  the  surrounding  parts,  with  rapid  growth  of  the 
tumor,  bxnuHlion,  increase  of  pre^ure,  and  the  development  of  papil- 
litja,  may  ensue.  In  rare  cases  nf  lead -poisoning,  Bright's  disease, 
and  severe  intermittent  fever,  there  may  be  the  production  of  choked  disk. 
In  these  instances,  it  is  probably  dependent  upon  intra-cninial  cRusion. 
Five  years  after  the  invention  of  the  ophthalmoscope.  Gmefe  had 
diagnosticated  papillitis  and  diffcR'n Listed  it  from  oiher  fonnt;  of  optic 
neuritis.  He  considered  it  an  evidence  of  intra-craninl  pressure,  which, 
by  damming  the  return  blood  in  the  cerebral  sinui^es,  caused  impeded 
circulation  and  increased  intra-venoua  pressure  in  the  ophthalmic  and 
central  retinul  veins.  In  this  explanation,  he  compared  the  rigid  tisnuc 
of  the  lamirm  eribroaa  to  a  "multiplier,"  which,  by  it.«  constriction, 
tended  to  augment  any  existing  plethora  in  the  head  of  the  nerve.  In 
consequence  of  the  anatomical  invetitigatious  of  Seesemann  and  of 
Morkel,  which  have  ilemonstrate<l  tJie  free  anastomosis  between  the 
orbital  and  the  facial  veins,  the  first  part  of  this  theory  has  beoi 
abandoned.    The  theory  of  vasomotor  paralysis  is  a  most  attractire  anCf 
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'Irat  it  is  difficult  to  expUin  wliy  paralysis  of  the  svmpatlietic  should 
always  be  limited  io  the  brunches  which  supply  the  hem!  of  tlie  nerve 
aod  Dot  involve  those  going  to  the  peripheral  parts  of  the  retina,  to  the 
iris,  tli«  ciliai-y  body,  nud  the  cborioid.  Granting  that  there  is  vime 
special  Jilument  of  the  carotid  plexiiii  lliat  Ik  ilistribiiteil  e\cliiHivi-ly  to 
the  head  of  the  nerve,  it  is  hard  to  undcrstiiml  how  it  cim  so  frequently 
be  involveti  by  intra'Cmnin]  tumon)  of  all  sizes  and  situations,  to  the 
excloi^ion  of  other  brandies.  Since  the  anatomical  researches  of 
Schwnlbe  and  of  HclKius  have  given  a  clear  understanding  of  the 
lymphatic  circulation  in  the  eyeball  and  the  npcic  nerve,  attention  liaii 
been  directed  to  the  tuany  cases  in  which  papillitis  was  dingnoslicatcd 
during  life,  and  in  which  autopsy  showed  a  ])yrirorm  uisterilion  of  the 
diiral  sheath  of  the  nerve  just  behind  its  junction  with  the  eyeball. 
The«e  researches  have  given  rise  to  the  miwt  interesting  lymph-:- pace 
theory.  It  has  been  found  that  the  spnce  so  distended  was  filled 
by  lymph,  and  that  the  delicate  trahecuhc  covered  with  endothelial  celts, 
which  uoroially  exist  in  the  space  bctwtktn  the  dural  and  pial  alitrathsof 
the  nervo,  were  more  dense  and  were  increased  in  amount.  In  i^iime 
cases,  the  presence  of  fluid  has  been  demonstrated  during  life  hy  the 
evacuation  of  a  few  di'ops  uf  lymph,  frutn  incisions  made  through  ttie 
dural  sheath  of  the  nerve.  By  many,  it  has  been  »uppn»etl  thut  where 
there  has  been  effusion  into  the  sub-dural  and  sub-anichnoid  spaces  of 
the  brain,  any  sudden  congestion  of  this  orgiui  or  of  an  intra-craninl 
cerebral  tumor,  would  increase  the  contents  of  the  cranial  cavity  and 
force  ttuid  to  the  distul  extremity  of  the  nerve  and  into  the  lamina 
cribrosa — thus  exciting  inflammation  of  the  head  of  the  nerve.  Tlie 
experiments  of  Rumpf  »nd  ICuhnt  have  added  to  the  probability  of  this 
mode  of  causation,  hy  showing  the  i)eleteriou.H  iidltjience  of  lymph  on  the 
•xis-cylinders  of  nerves.  The  fane  with  which  the  intra-vaginal  space 
of  the  optic  nerve  can  bo  filled  by  post-mortem  injections  into  the  sub- 
dural and  sub-arachnoid  spaces  within  the  cranium,  has  also  added  weight 
to  this  view.  Although  it  is  true  that  this  distention  of  the  sheath  and 
accumululiou  of  fluid  in  tlic  fieriplieral  part  of  the  nerve,  have  at  timea 
been  unsuccessfully  looked  for  at  autopsies,  yet  it  is  unreiLsonable  to 
suppose  that  they,  like  the  papillitis  it«elf,  may  not  be  1r«n?ient  symp- 
toms and  not  alwent  at  some  smges  of  the  afl'ectioii.  Leber  has  more 
recently  suggested,  and  Deut-sdimann  seems  to  have  proved  experimen- 
tally, that  it  requires  something  more  than  the  mere  infiltration  uf  the 
head  of  the  nerve  with  serum  to  produce  papillitis.,  and  that  this  ^^some- 
thing "  is  to  be  found  in  the  infection  uf  the  suh-arachnoid  fluid  by  the 
products  of  the  intm-cranial  ttiuior.  as,  for  instance,  in  the  actual 
transport  of  iuberek--bacilti  in  chacs  of  tuberculosis.  Ii  has  also  been 
demonstrated  thiit  new  growths  in  the  disuil  end  of  the  optic  nerve,  such 
as  psammoniata  and  tubercle,  may  produce  choked  diak. 
■  Lower  ffradea  of  intra-crular  netiritt*:  Jnttrttitial  neuritit.  De- 
^  tcendinff  neuritis.  Kuch  varieties  of  neuritis  are  frequently  encoun- 
tered in  various  forms  of  intra-cranial  disease.  This  is  notahly  so 
in  cases  of  lueniugitis.  Here  the  iutra-ocular  end  of  the  nerve 
becomes  dull  red,  oedeuatous,  and  hazy.  Its  normal  outlines  are 
entirely  hidden.     There  are,  however,  much  leas  swelling,  prominence, 
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and  (k-Y<?!opnieiit  of  eapilUrieB  tbon  in  the  higher  gmdcs  of  Deuritis. 
In  some  cases,  these  symptoniB  indicate  the  first  staees  of  what  sabse- 
*|ueiit!)'  develops  into  a  marked  papilliti^.  In  others,  howeyer,  thf 
nerve  never  iticrwisea  its  swelling.  In  ilie  latter  variety,  jtist  as  in.  cum 
where  the  swelling  has  become  niore  niavkerl,  cicatrizing  procea8«  set 
in  and  a  gnidual  atropliy  ensues.  Where  there  is  an  inlersttttal  neuritis 
in  the  whole  length  of  the  nerve,  there  is  generally*  a  diminution  of 
visual  acuity  that  is  out  of  all  proportion  to  tbo  visible  changes  in  ib« 
disk.  AVIieiu  the  changes  in  tbo  head  of  the  nerve  are  due  to  d^eneni> 
tive  proccftsci"  of  a  low  grade,  as,  for  instance,  from  pre«ure  upon  some 
part  of  the  nerve's  coui'se  bv  an  intra-cnininl  tumor,  the  ophthalmo* 
scopic  appeArances  are  usually  limited  lo  a  slight  swelling  of  the  ilisk, 
with  a  grayish  or  whitish  cloud  in  it  and  the  surrounding  retina.  Here 
there  is  an  absence  of  all  red  color  that  might  be  produced  from  either 
exudation  or  increase  of  capillarity. 

Pott-neurUic  atrophff.  After  severe  neuni-relinitis  has  persisted  for 
iniiny  months,  the  ciisk,  (hough  Hiill  swcdlen,  begins  lo  cnanga  colore 
loACii  itA  dull- rod  tint,  and  aiidiimei  a  bluish-gray  hue.  Subsequently, 
the  nerve- fibres  commence  to  shrink,  and  gradually,  if  the  patient  lives, 
the  summit  of  the  disk  sinks,  and  et*entually  passes  beyond  the  retinal 
level.  I'he  prominence  is  now  replaced  by  .1  shallow  cup.  in  which 
capillarity  ha^  been  entirely  lost,  ami  in  which  there  has  been  sutDcient 
contraction  of  tissue  to  diminish  materially  the  ctilibre  of  the  central 
retinal  artery  luid  vein.  Often  for  many  months  after  ihe  subsidence 
of  the  (^welling,  the  opaque  striation  of  the  retinal  fibres  fringing  the 
edges  of  the  disk,  reveals  its  inflammatory  origin.  Chromo-lithograph 
No.  '2,  on  Plate  V..  gives  an  admirable  picture  of  such  a  regressive  neu- 
ritis, in  wliicJi  (he  disk  i:*  swollen  and  hazy  on  the  nasal  side.  The  retinal 
ring  is  visible  on  the  tempoi-al  side,  and  the  nenre-fibres  have  so  far 
atrophied  in  this  position,  that  a  shallow  excavation  has  formed  at  this 
point.  This  gradual  contraction  im[mirs  the  ability  of  tfae  nerve-fitre  to 
conduct  light-impressionit  from  the  retina  to  the  brain-centxo,  and  the 
patient  thus  often  becomes  blind.  In  some  few  cajtes,  however,  espe- 
cially where  the  neuritis  is  due  to  syphilis  ami  where  treatment  has 
been  eoergecic  and  carried  out  faithfully  for  a  lung  period  of  time, 
suffieienc  transmitting  power  to  enable  the  patient  to  get  about  hy  him- 
self, inny  persist  for  years,  in  spite  of  tfae  ophthalmoscopic  appearances 
of  well-mnrked  atropiiy. 

Even  in  pre-ophtlialmoscopic  times,  the  frequency  of  impaired  vision  as 
a  concomitant  of  intra-cranial  affcctionti,  wiis  well  known.  Abcrcrombie 
noted  failure  of  vision  in  seventeen  (thirty-eight  and  five-tenths  per 
cent,)  out  of  forty-four  cases,  while  I^adame,  in  a  study  of  three  hun- 
dred an<I  thirty-one  cases,  estimated  that  there  was  a  disturbance  of 
vision  in  fifty  per  cent.  Since  the  invention  of  the  ophthalmoscope, 
statistics  show  a  higher  percentage.  It  must  be  remembered  further- 
more, however,  that  there  is  usuiilly  little  or  no  impairment  of  vision  in 
the  earlier  stages  of  choked  iliiik,  and  that,  thervfore.  uuluss  every  ca8« 
of  suspected  iniru-cniniul  di^-ase  be  carefully  and  repeatedly  examined 
with  the  ophthalmoscope,  many  instances  of  such  condition  of  the  optic- 
nerve  head  will  escape  detection.      In  eighty -eight  cases,  forty-three  of 
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'•which  have  been  recorded  by  Annueko/  andforty-fi^-eby  Reich,*  double 
optic  neuritis  wai«  present  in  ninety-thrco  per  cone.  Gnwcrs'  maintains 
that  it  is  present  in  four-fifths  (eighty  per  cent.)  of  nil  cnses  of  cerebral 
tumor  ;  Edmunds  and  LHirford/  on  a  basis  of  one  hundred  aud  seven 
autopsies  of  bmiii-tumfjr.  <^ivB  sixty-lliree  per  cent,  of  optic  neuritis. 
The  laat-nnuii^d  authors  niso  stiile  that  the  intra-ocutar  condition  is  most 
frequently  found  whore  tlic  tumor  is  in  the  cerebellum.  They  believe 
that  it  appears  next  in  frequency  in  those  cases  of  growth  involving  the 
motor  ganglia.     They  also  say  tlijit  it  is  less  frequent  in  growths  of  the 

;  convexity  of  the  brain,  asserting  its  presence  in  seventy-fonr  per  cent. 

,  oi  tumors  of  the  base,  and  in  fifty  p«r  cent,  of  tumors  of  the  convexity. 

na.  385. 


Swtloii  vf  lapIlliUc  In  Ibe  tia|i«  (tf  ludp4onl  conliBCilon- 

Dasilar  meningitis  rarely  runs  its  course  without  producing  changes  in 
Ihe  intra-ocular  end  of  the  optic  nerve-  These  changes  vary  from  a  slight 
-oedema  of  the  disk,  with  dilatation  and  tortuosity  of  the  veins,  to  a  dense 
opacity  of  its  6bres.  which  hides  its  normal  outlines.  In  some  cases,  the 
iWDdition  may  amount  to  marked  pajiiUitis.  If  the  nicnirij^ili?  he  limited 
lo  the  convexity  of  the  ccrobruui,  Etowever,  there  may  bo  an  absence  of  all 
ophthalmoscopic  appeiininceK.  this  continuing  :i)4  long  as  the  meningitis 
'remains  in  this  region.  According  to  Allhutt*,  twenty-nine  (seventy- 
;  per  cent.)  of  thirty-eight  casen  of  basilar  tuberculnr  meningitis  showed 
iges  in  the  optic  disks.    HeinzcF  states,  that  in  sixty-three  cases  of 

>  Aittilr  r.  UpIiUialnioloKie,  xlx..B,  »  1U. 

t  KlliilN:1j<.-MiL>i)ali>tillill«r  t.  AumdIwUIi untie,  tSTf,  3.274, 

■  Mollcnl  >i|>liltinliiiu«copy.  IttTV.  p.  IBS. 
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brain-disease  in  children,  seventy-lour  percent. «howeilopIithftlinofleo|HC 
changes,  while  in  tliirty-thrtc  cnses  of  tuberculai  b&»iliir  menin^ti*, 
twenty-seven  (ciglityone  per  cent.)  exhibited  signs  uf  uitlier  ncuritts  or 

no.  3M. 


decUon  of  t«i«r  nUge  of  papltlltiiL. 

atrophy.  Garlick'  tells  us  that  nut  of  twenty-six  carefully  watched 
eases,  riftv  per  cent,  evidenceil  distinct  swelling  nnd  neuritis,  while  tnanj 
others  exhibited  only  slightly  increased  rednecM  of  the  disk,  vrilh  dilala- 
tiuu  nud  tortuosity  uf  the  veins. 


r>^ 
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If  Opportunity  i^  given  to  examine  a  rlisk  anatomically  in  tlie  early 
staj;c  of  papillitis,  n  state  of  serous  infiltrffltion  of  tlie  head  of  the  nerve, 
with  Swelling  of  the  iierv e-librcs  and  marked  dilatation  of  the  capillaries, 
•will  be  found.     Studied   at  n  later  stage,  when  the  disk  is  becoming 
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bluifib-gray,  increase  in  the  seuroclia,  in&kration  with  lymphoid  colls, 
and  nests  of  spindle-shaped  swcHmj?  and  de>;enenition  of  tlie  nerve- 
fibres,  will  be  seen.  Figs.  '28b  and  2ti0  show  these  conditions  very  well, 
whilst  Fig.  287  exhibits  tracings  from  a  nest  of  the  spindle-shaped 

HSwelUngs. 

f  In  most  coses  of  recent  origin,  there  is  a  pyriform  dilatation  of  the 
duml  sheath  at  its  peripheral  end,  with  proliferation  of  the  endothelial 
ti^uc  in  the  sub-vagimil  8p:ice. 

■  Fig.  288  shows  a  section  of  an  cy«bnll  through  the  optic-nerve 
entrance  tna  cftfw  of  papillitis.  The  muflhroom-Hkc  swelling  of  tho  head 
of  the  nerve  and  the  pyriform  distention  of  the  dural  sheath,  van  be 
plainly  seen. 

The  pathological  changes  are  mncb  more  marked  near  the  disk. 
Often,  however,  there  is  an  increase  in  the  nuclei  of  the  connective  tissue 
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;    •  ':|'iicriil  end  of  optic  Dcrrc. 
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InlentlUtl  nonriils.  (Lcbee.) 


between  the  bundles  of  nerve-fibres,  this  prolifemtion  extending  a  con- 
siderable distancv  iilnng  the  course  of  the  nerve.  In  some  cases,  vrliere 
there  is  busiliir  nuitiiiigitis,  an  iritersLitiul  neuritis  with  thickening  of 

■  the  connective-tissue  traUeciilre  throughout  the  length  of  the  nerve,  is 
found.  This  is  especially  the  case  where  the  meningitis  is  syphilitic 
JD  its  origin.  Fig.  289  represents  a  marked  interstitial  neuritis  with 
thickening  of  the  connective-tissue  trabeculie.  It  also  shows  an  infiltra- 
tion of  the  tnibecuhe  with  lymphoid  cells.  If  purulent  meningitis  oxista, 
marked  perineuritis  is  goncrally  present,  the  pial  sheath  and  the  tra- 
becule; neareiit  to  it  showing  marked  tbickeuiug  and  inliltmtion.  In 
^■propurtion  as  atrophy  prngivsses,  the  connectivi'-tiKAiie  bunilles  increase 
^'and  contract,  while  the  nerve-elements  degenerate  and  are  absorbed. 
Finally,  in  place  of  the  normal  nerve  s  fibrous  conl,  with  but  little 
nerve-tissue  \eh  in  it.  will  be  found;  this  atrophic  remnant  of  the  optic 

nerve  being  so  shrunken  that  it  no  longer  occupies  its  normal  position, 

thus  leaving  a  wide  space  between  the  pial  and  the  dural  sheaths. 
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We  will  next  considflr  those  formt  of  atrophy  of  the  oiitie  nfrw 
vihieh  are  precedeid  by  anwmta  of  th*  optic  duk  (from  hemorrhagt, 
from  the  action  of  eold,  a7id  quinine-mitonhiff).  Jaeger  bu  givcu 
Carefal  clinical  histories,  with  mliniitible  colored  illustrations  of  the 
atrophiet  which  follow  hemorrhage.     He  sajs  that  soon  after  the  low 
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OphUiklUMMoaiilc  ajipCkmiKie  of  illtk  In  tXxt>\fttj  foUowius 
heniorrtutKv,    (Jawu.) 

of  blood,  vi^ioTi  becomes  temporarily  bazv.  this  being  followed  by 
purtinl  cleiring,  wbicb  is  dependent  upon  improved  nutrition  of  the 
patient.  He  has  found,  however,  that  the  eye  remains  easily  fatigued  by 
any  ncnr-ivark,  and  that  in  the  event  of  subserguent  hemorrhages,  tlie 
recurrent  umblyopin  augments  with  each  loss  of  blood,  until  all  useful 
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BceUoD  of  t>err«4iMd  «r  mum.    (jAsunt.) 


vision  IB  loet.  Ophthalnioscopically,  the  anuria  sliows  iiaelf  bv  tho 
pallor  and  bluish  color  of  the  disk.  Its  sclerotic  boondnry  ia  too  ^road 
and  too  pronouuceii.  wbiUt  the  remaining  eye-ground  becomes  paler  and 
the  central  bloo^lveftxelA  appear  smaller  in  calibre  than  normal.  In  one 
of  Jaeger'fl  cases,  the  nerve  remained  in  this  condition  for  six  years. 


AFPKCTIONS    OF    THE    OPTIC    NXRVE. 


483 


when,  after  severe  headaches,  it  became  fuzzy,  assuraed  a  dirtj-greenish 
color,  aoil  showed  a  shallow  atrophic  excavation.  The  fuzziDess  of  the 
disk  and  the  commencing  atrophic  excavation  in  this  case,  arc  shown  in 
Fig.  290. 

Fig.  291  exhibtt»  a  cut  section  of  tJic  Baino  0|vtic-iierve  head  and 
idjaocnt  tianuea.  Here,  a  AAitrcr-likc  excavation,  with  a  dense  felting 
together  of  itie  meshes  of  the  lamina  cribrosa,  Vi-Jiicli  occupy  less  space 
than  Uf^ual,  can  be  seen.  In  this  section,  the  bundles  of  nerve-fibrea  in  the 
sclemi  foramen  are  seen  to  be  shrunken  so  as  to  pull  the  pinl  sheath 
away  fixim  the  dural  sheath  and  form  a  large  irregular  cavity  where 
there  is  normally  only  a  narrow  lymph-space  with  nearly  parallel  walls. 
These  caaea  were  due  to  hemorrhage  after  labor.  In  a  later  work  on 
'*  The  Results  of  Investigation  with  the  Ophlhalmnecope,"  Leber  tells  us 
that  he  has  repeatedly  seen  such  instances.  Fries,"  in  his  monograph 
OQ  the  subject,  says  that  thirty^fivo  and  a  half  per  cent  of  such  cases 
are  due  to  hemorrhage  from  the  stomach  and  intestines,  twenty-five  per 
cent,  to  uterine  hemorrhage,  twenty-five  pur  cent.  l<»  abstraction  of  blood, 
seven  and  threc-tentliH  per  ct^nt.  to  cpisuixia,  five  and  two-ientha  per 
cent,  to  bleeding  of  wounds,  and  one  per  cent,  each  to  hfemoptyais  and 
urethral  hemorr^iage. 
^1  Jaeger*  cites  several  instances  of  intense  aru^mtft  of  the  <iuk  from 
^■tA^  ncfioH  of  cold.  The  affected  individuals  bad  be#tn  exposed  in  an 
open  sleigh  for  hours  to  a  violent  snow-storm,  causing  their  eyes  to  feel 
like  pieces  of  ice  in  their  aockcls.  After  recovering  from  the  exposure, 
a  considerable  dimuess  of  visiun  was  immediutely  noticed.  This  dim- 
ness remained  unchanged  without  mRterinl  alteration  for  yftars 

Marked  itckcemia  of  the  diek  is  also  producetl  f>y  qMiaine-pouoning. 
Tn  some  cases,  this  condition  is  associate^,!  with  entire  blindtiess.  Central 
TLiion  nsnally  slowly  improves,  and  at  time?  gradually  approaches  the 
normal  standard.  The  contmelion  of  the  field  of  vision  is  said  to  be 
permanent.  De  Schwoinitz  ha^s  shown  that  toxic  doses  of  quinine  in 
dogs  will  produce  optic  atrophy,  and  has  occaaionally  found  thrombosis 
of  the  central  retinal  vein. 

The  degerifvationiit  of  thf.  optic  nerven  whtph  aecompany  tahcB  dor- 
tftlvi  and  other  forms  of  yray  dcfjeneration  of  the  central  neTniout 
ni/fiti-m  are  quite  oonstant.  Almost  all  cases  of  posterior  spinal  sclerosis 
exhibit  marked  eye-symptoms  some  time  during  their  course,  whilst  a 
large  proportion,  if  carefully  examined,  show  impaired  nutrition  of  the 
optic  nerve  even  in  the  early  and  prc-ataxic  stage  of  the  affection.  In 
the  early  period  of  the  disease,  this  impalnntnt  uianife^^ts  itself  as  a 
reddisb-graj  haze  of  the  optic  disk,  which  becomes  .>jti1l  grayer  in  the 
deeper  layers  of  the  nerve-head.  In  .such  cuscs,  while  ceiitml  vinion  may 
remain  unaffected,  slight  but  demonstrable  contraction  of  the  field  of 
vision  for  form  and  color,  can  be  noticed.  The  eye  is  readily  fatigued, 
and  when  kept  constantly  applied  to  near-work,  gives  out,  oflen 
finding  comfort  in  the  correction  of  small  degi-ee?  of  astigmatism  and 
hypermctropia  which  liave  previously  causfd  no  inconvenience.  As 
the  symptoms  of  ataxia  become  manifest,  a  gniy  degeneration  of  the 

t  Klliiliche  ManaublMtlRr  (.  AngenholUunde,  UTS. 
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optic  disk,  with  marked  contraction  of  the  ficUl  of  vision,  ia  foaod.  At 
timest  tins  nmy  be  associated  with   decided   reduction  of  tisuil  am\j 
and  even  complete  blindnea^.     Amung  the  earliest  sjmptonMof  tW 
stage,  paralysis  of  the  external  muscles  of  the  eye,  giving  rise  lu  wiiioj' 
ing  diplopia,  may  bo  noticed.     Although  thi»  ts  uitnaliv  a  iretuiflii 
wmptom,  yet  a  recurrence  of  the  paresis  in  the  same  muscle  may  vcviv 
Associated  with,  ur  more  generally  following  the  development  of  the 
ataxic  symptomH,  irido'cycloplegia,  causing  diminution  of  the  piipilUrr 
movements  and  tlie  power  of  accoraniodation,  may  appear.     At  iiii« 
time,  the  so-called  Ari/r/U-Hohertum  njfmptom  is  ordinarily  pre»etii:  i 
condition  in  uliich  thu  iridttt.  though  irresponsive  lo  the  action  of  li^ 
on  the  retinn,  retain  their  motility  upon  convergence  of  the  eyes  for  near 
objects.     In  this  condition,  the  pupils  are  usually  small  and  cannot  be 
diliLteU  ad  tmtTimiLm  by  the  energetic   use  of  strong  mydriatics.    In 
the  pre-ataxic  stage  of  the  disease,  there  is  an  exaggeration  of  tlie 
Itnee-jerk.     In  the  ataxic  stage,  the  kuue-jerk  is  cither  diminished  i>r 
abolished.      In  some  exceptional  iiislances,  comploie  atrophy  of  both 
nerves  may  occur  years  before  the  development  of  tlie  ataxic  symplfms. 
Forater  and  Charcot  cite  such  cuii«a.      Central  scotoma  is  unmHia]  at 
any  stage  of  the  disease. 

Sections  of  the  optic  nerve  show  similar  lesions  to  those  which  are 
found  in  the  spinal  curd.  Owing  to  a  degeneration  of  the  me<lulliuy 
icaths,  the  nerve-fibres  reflect  less  light  and  appear  gray.  Corapoimd 
lule  cells  are  found  between  the  fibres.  The  nerve-substance  haa 
^speared,  the  connective  tissue  is  shrunken,  and  the  ncrvc-lrunk  is 
leeidedly  diminiHlie«l  in  size.  Id  such  sections,  the  degenerative  pro- 
oessdoea  not  usually  appear  to  hav«  travollcd  continuously  citlier  down 
or  up  the  nerve,  but  aecuis  lo  bo  localised  in  isolated  spot«. 

The  optie  wrve  d'yeneration  tbnt  is  acffomiHtnied  by  ct'ntral  KcMna 
(retrobulbar  ni'urliu,  tobacco-  and  ahohol-poitaning,  diabetes,  and  hered- 
itary atrophy),  is  of  great  clinical  interest.  In  some  forms  of  nerve- 
degcaantion,  those  fibres  of  the  optic  nerves  which  supply  the  macular 
region  are  the  first  and  the  moat  severely  affected.  In  fact,  they  often  re- 
main diseased,  with  but  alight  implication  of  their  adjacent  nerre-buntlles, 
for  a  long  time.  In  more  advanced  stages,  a  cloud  ia  thrown  over  every- 
thing looked  ut,  causing  a  great  diminution  of  central  vision,  whil.'«t 
periphemliy  situated  objccta  can  he  seen  fairly  well.  Probably,  because 
of  pupillary  uontriiction  which  cut<)  off  light  from  the  periphery  of  the 
retina — the  only  part  «hich  remains  serviceable  in  such  cases — the 
patients  are  much  annuyi-d  by  a  strong  light.  Although,  owing  to  oblit- 
eration of  central  vision,  little  or  no  visual  improvement  results  (as 
measured  by  the  teet-lcttcrH)  from  allowing  the  comparatively  healthy 
peripheral  parts  of  the  retina  to  act  by  exposing  sucli  eyca  to  lessened 
fight-stimulus,  yet  it  is  a  clinical  fact  that  such  patients  see  much  better 
toward  evening  and  move  about  more  comfortably  with  semi-dilateil  pupiU 
in  moderately  dark  rooms.  In  conoequcnce  of  the  fomier  fuel,  they  are 
said  by  some  authors  to  be  nyctalopic.  In  the  early  stages,  appreciable 
ophthalmoscopic  signs  are  variable.  In  advanced  cases,  a  goncml  pallor 
of  the  disk,  which  is  much  more  marked  in  the  temporal  half^  is  often 
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i  careful  obscrvolions  of  Snmelaohn.'  VoBsiuB,'  and  L'lthoff* 
bre  jliown  that  ibe  above  symptoma  are  riue  primarilj/  to  an  affection  of 
ttieiiiaciilar  fihTCf  o(  the  nerve,  which  may  hv  often  traced  through  their 
entire  length  up  into  the  chia-itn  and  optic  tracts. 

iWliere  opportunity  offers  of  studying  these  cases  from  their  origin, 
it  is  generally  found  that  the  symptoms  begin  with  slight  dimnesB  of 
rision  and  ready  fatigue  of  the  eye.  Careful  examination  of  the  fielda 
of  vision  at  this  time,  shows  that,  except  at  the  centre  of  Sxation,  they 
•re  normal  for  both  form  and  color.  In  this  position,  small  squares  of 
snen  gradmiily  fade  and  appear  whitish,  while  similar  areas  of  red 
Become  dimmer  and  brownish.  In  8  slightly  higher  grade  of  the 
alTection,  these  colors  may  disappear  from  view,  although  there  may 
Btill  be  sufficient  conducting  power  in  the  macular  region  to  allow  a  fair 
perception  of  form  at  this  point.  Such  scotomata  are  called  relative.  As 
the  affection  jirugres^ea,  the  power  of  distinguishing  form  in  this  region 
is  Io9L  The  scotoma  is  then  naid  to  be  tihtf-olute.  This  condition 
eantes  every  object  whose  imape  fulls  on  the  nia/'ular  region  of  the 
retina,  to  appear  as  though  It  was  more  or  less  envelo|fed  in  mist  or  fog. 
fn  some  instances,  the  scotoma  may  become  so  dense  that  a  point  of 
light  used  for  fixation,  cannot  be  perceived.  Any  change  in  the  cir- 
culation of  the  head  and  face,  causing  congestion  of  the  eye,  is  apt  to 
temporarily  increase  the  density  of  the  cloud. 

In  the  early  stages,  there  are  often  no  ophthalmoscopic  signs.  Later, 
a  blanching  of  the  temporal  side  of  the  disk,  that  is  due  to  the  atrophy 
of  the  macular  fibres  in  the  head  of  the  nerve,  is  occasionally  found. 
Sometimes,  as  pointed  out  by  Sacba,  a  triangular  area  of  atrophy 
may  be  seen,  the  sides  of  which  gradually  fade  into  healthier  tissue. 
Owing  to  the  Kict  that  the  temporal  half  of  the  disk  is  naturally  the 
more  pallid,  and  to  the  frequency  of  shallow  physiological  excavations 
in  this  portion,  the  diagnosis  is  diflicult  even  to  the  expert.  Indeed,  in 
slight  cases,  a  diagnosis  is  impossible.  Furtliennore,  all  observers  must 
have  seen  instances  of  a  decided  contrast  in  the  Vfiacularity  of  the  outer 
and  the  inner  halves  of  the  disk,  in  which  there  were  no  central  scoto- 
mata. The  investigations  of  Ultlioff  upon  scotoma  due  to  alcohol-poison- 
ing, confirm  this  statement,  and  Wecker*  »!iate3  thai  in  the  early  stages  of 
the  same  disease,  he  has  often  seen  marked  hyponemia  of  the  temporal 
halves  of  the  di.sks.  Upon  account  of  the  atrophic  tissue  gradually 
shading  off  into  the  healthy,  the  line  of  demarcation  in  central  scotoma 
is  not  abrupt.  In  some  fonns.  the  lesion  may  continue  for  years  with- 
out any  extension  to  the  adjacent  nerve-fibres.  In  many,  however, 
notably  in  those  that  are  due  to  tobacco-  and  alcohol-poisoning,  there 
is  a  tendency  to  general  involvement  of  the  nerve,  causing  an  atrophy 
of  the  nerve-fibreg,  with  increase  of  connective- tissue  elements  through- 
out its  length. 

The  investigations  of  Samelsohn  d6mon.<itrate  the  course  of  the 
degeneration  throughout  the  nerve.    He  has  found  that  a  section  of  the 

'  Aroblv  f.  Ophih«lroo!oglc.  xx^^il..  H«ft  )..  3, 1. 

'  nud..  »xTiH,.  Hun  111.,  a,  201. 

■  Ibld,.iisll    H«aiv.,  <l.  %'.-  xxxiv..  BeftL,!!.  ST. 
*  TtiICA  iMinpiet  d'OphttumDiOlocle.  tarn.  It.  p.  511. 
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nerve  anterior  to  the  entrance  of  the  central  vevseli*,  shows  a  triangnlai 
area  of  atrophy  with  ita  tase  turneii  outwani  nnd  its  apex  pointinz 
(owarit  ihe  centre  of  the  nerve.  The  shape  of  the  hunrile  of  fttrophic 
filires  po8torior  to  tlie  eniranco  of  the  central  vessels,  appears  in  croas- 
Mctiott  aa  more  or  leas  jionular,  its  eoDcavity  being  turoetl  toward  the 
centre  of  the  nerve.      As  the  atrophic  fibres  ascend,  tliey  gather  to- 

f ether  in  the  centre,  so  tliat,  at  the  optic  foramen,  they  form  n  ceDiral 
undle  which  in  everywhere  siirrftnnoc*!  with  hwilthy  nerve-fibres. 
Fig.  292  shows  a  longitiidiual  section  of  such  a  nerve  at  the  optic 
entrance;  Fig.  293  exhibits  a  crosa-scction  of  the  same  nerve  just  after 
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the  entvaaoe  of  the  central  vessels  :  Fig.  '204  show.«  a  cro<u-aeedLin  at 
the  postenor  part  of  the  orbii^  and  Fig.  '19ii  gives  a  view  of  a  section 
at  the  optic  foramen.  In  every  figure,  the  shaded  part  represents  the 
degenerative  portion  of  the  nerve.  These  invefttigationu  have  been 
amply  con5ruied  by  VoHaiu.s,  Nettktthip,  and  Ulchufl'.  The  last-qaoted 
author  shows  thai  a  section  of  the  atrophic  fibres  within  tbocraninni. 
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becomes  horizontal  oval  in  form,  and  extends  somewhat  oblirioely  in 
direction  rrom  above  and  out,  and  down  and  in.  He  further  describee 
the  d^enerated  strands  as  occujiying  symmctrrml  positions  in  the  ante- 
rior part  of  the  chiasm,  whilst  in  the  middle  of  the  cliiaatn,  they  approiich 
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CtaNMKtioD  of  «pt]«  nsrvo  «t  iba  opUu  foramen.    iSan  KtJinKX.) 

and  join,  to  diverge  nj^ain  in  tlie  optic  tracts  ns  they  issue  from  it. 
Fig.  *21>6  exhibits  the  shape  and  position  of  the  degenerated  areas  from 
the  eyeball  to  the  optic  tracts,  as  seen  in  succcasive  cross-aections. 

In  reference  to  deyeneratiun  of  the  optic  ncrvea  due  to  abtme  vftobuceo 
and  alcohol^  there  is  considerabU^  (hveraity  of  opinion.  Some  hold 
that  tobacco  alone  is  capable  of  giving  rise  to  the  above  aymptoms, 
and  others  maintain  chat  they  occur  only  as  the  result  of  either  alco- 
holic abuse  or  of  the  two  drugs  in  combination.  There  are,  however,  a 
considerable  number  ufca^es  on  reconlin  which  there  can  be  no  reaaon- 
ahle  doubt  that  central  scotoma  ha.s  been  produced  by-thc  cxcluaivo  use  of 
alcohol  or  tobacco,  respectively.  The  writer  has  aeon  several  cases 
which  were  apparently  due  to  tobacco  alone.  Aa  there  are  few  hard 
drinkers  who  ao  not  smoke,  and  few  hard  smokera  who  do  not  use 
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.Gobolic  beverages,  there  is  mixed  poit^oniiig  in  the  mnjority  of  in- 
itim.  On  the  other  fa&nd,  there  are  manv  who  consume  vast  amoiinta 
^  tobacco  or  alcohol  for  years  without  sensible  impairment  of  vision  :  a 
fad  which  shr>w3  that  the  occurrence  of  central  scotoma  is  probably  due 
to  some  predisposing  cause,  such  as  iiniialreil  health  or  over-sensibility 
rf  the  nenrons  syetem  to  one  or  Uie  other  nf  the  tlrn^s.  In  many  in- 
stances, especially  in  those  thnt  are  due  to  sbuse  of  alcohol,  the  symp- 
tonis  show  that  there  is  n  marked  tendency  to  general  degeneration  of 
the  optic  nerves. 

Degtntralion  of  the  optic  nervvi  in  dtaletee  is  an  affection  that 
is  both  peculiar  ami  interesting.  The  fact  that  diabetes  at  times 
pro<1uce8  cataract  and  retinitis  with  hemorrhagic  and  flegeiierative 
spots,  bos  already  been  referred  to,  but  it  seems  probable,  since  the 
nBearchcs  of  Leber,  that  it  m»y  be  the  cause  of  central  scotoma. 
Bresgen'  has  reported  cases  of  this  peculiar  form  of  affection,  in  which, 
however,  there  is  no  mention  as  to  whethenlie  patient  was  a  smoker  or  not. 
Since  then,  a  rfaumS  of  these  cases,  with  nine  additional  ones,  has 
been  given  by  Nettleship  and  Kdwunds.'  These  authors  state  that  both 
eyee  are  afl'ectdl.  and  that,  although  Uie  fields  of  viaion  are  of  full  size, 
yet  there  is  impaired  acuity  of  vision  over  an  area  which  extends  from 
the  fisation-point  to  ihe  blind  spot,  and  often  beyond  it.  In  this  area, 
red  and  green  are  either  lost  or  are  distinj^iiished  with  difficulty.  They 
do  not,  however,  consider  it  proved  abeolutety  that  tlie  affection  existe 
in  cases  where  tobacco  has  not  been  used. 

Hereditary  atropht/  of  the  optic  nervet  is  a  remarkable  and  a  fortu- 
tanately  rare  disease.  Frequently  it  may  be  traced  back  for  several 
generations,  thus  reminding  us  of  tne  hereditary  transmission  of  typical 
piguieiitary  degeneration  of  the  retina  and  color-blindneaa.  Like  these 
diaeaaes,  it  is  more  prone  to  affect  the  malea  than  the  females,  although 
the  latter,  even  when  unattacketl,  may  transmit  it  to  their  children.  In 
1882  and  1884,  the  author  reported  U)  the  .American  Ophthaliindogical 
Society  detailed  histories  of  two  such  families,  in  which  the  course  of  the 
disease,  with  careful  transcripts  of  the  fields  of  vision,  was  given.  In 
the  first  family,  the  history  of  the  disease  extenderl  through  five  genera- 
lions,  and  in  the  second,  it  passed  through  four.  In  the  latter  grouping, 
a  mother  In  the  third  generation,  not  suffering  from  tlie  disease,  had 
seven  affected  children. 

The  first  subjective  symptom  is  the  production  of  a  Central  scotoma 
for  color,  which  may  grarlnally  become  so  pronounced  as  entirely  to  pre- 
vent light-perception  in  the  affected  area.  The  dtsea-se  may  develop  &* 
sarly  a«  seven  years  or  ns  late  as  thirty-five,  bttt  is  most  likely  to  mani- 
fest itself  about  puberty.  Frequent  frontal  headaches,  and  a  cloud  in 
front  of  the  eye  which  obscures  direct  vision,  are  tlie  most  prominent 
Rvmptoms.  In  a  few  cities,  spontaneous  imprfivement  has  been  recorded, 
although  the  resultant  vision  was  far  from  normal.  Generally,  the  cen- 
tral scotoma  becomes  sufficiently  dense  to  prevent  all  useful  employ- 
ment of  the  eye.  It  often  remains  nnchanged  throughout  life.  Al- 
though the  form-field  is  contracted  in  most  instances,  yet  it  is  extremely 
rare  to  find  complete  blindness. 

I  Ommtblau  i;  AtiMQbcUkande,  IKI.  6.  Si. 
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The  diacttsc  ia  essentifilly  a  neuritic  atrophy.  A3  seen  by  tbe  oph- 
thalinoocope,  tbe  head  of  the  optic  nerve  presents  thro«  stages :  Firet, 
Uint  of  cloudy  «weHiiif(  and  <edenia;  second,  that  of  lyrupti-reflexefi; 
anri  third,  that  of  gradual  death  of  the  nerve  tiainie.  Figs.  297,  298, 
'2^9,  ami  3CKI  gmpliically  sliovr  the  fields  of  vision  of  the  \efi  eye  of  A.  9h 
aged  fimrte*'Jt  (one  of  the  members  of  the  second  family  seen  by  the 
author),  for  form,  and  for  yellow,  blue,  and  red,  respectiFely.  Thej 
were  taken  at  the  time  when  the  ophthalmoscope  showed  chat  the  nerre 
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was  passing  through  the  second  itagc  of  its  inflammation  into  degener- 
flUon,  vision  for  fonn  being  reduc^  to  oiie-aixtieth.  The  test-oj^ecia 
used  were  one-centimeter  sfiuares  of  white  and  colored  paper.  These 
were  caincd  toward  a  central  fixation-point  on  a  ruled  blackboard 
place*!  at  twenty-five  centimeters"  distance  from  the  eye.  In  the  occom- 
puying  diaerams,  each  square  of  ruling  on  the  board  has  been  reduced 
to  one-twelfth  yf  its  original  eiie.  In  all  the  fields,  the  innenuosc  ruled 
lines  show  the  extent  of  ilie  central  scoiomn.  In  Fig.  2!tH.  the 
dotted  lines  represent  the  boundaries  of  the  yellow  field  ;  in  Fig.  299, 


AFFBCTIOSS   OP   THB    OPTIC   NRRTB. 


491 


I 


ruleil  liueB  show  the  Uounilaries  of  the  blue  field  ;  ibc  email  circles 
in  Fig.  300  designate  the  boundnrieH  of  the  re«l  field.  In  each  iicid,  the 
ipparent  changes  in  color,  simulating  any  of  the  other  culorif  naraed, 
are  marked  in  the  satnc  manner  as  that  inteniletl  for  the  desi^iiatioii  uf 
the  true  color.  In  every  instance,  the  centml  scotoma  wtw  so  dense  that 
a  point  uf  light  had  to  be  cmjiloycd  for  fixation.  1q  one  case,  the 
scotomata  were  paracentral. 

The  irregular  area*  uf  color-perception  and  the  varying  rate  of  the 
ability  to  distinguish  color-changee,  give  a  niost  inKtructive  picture  of  a 
low-grade  neuritis,  and  the  difliailty  of  conduction  in  aggregations  of 
nerve-fibrils,  which  have  undergone  gresiter  ilegeneration  or  have  been 
more  compressed  than  their  neighbors.  The  subjective  projections  of 
the  visual  Qcdds  give  an  excellent  clinical  representation  of  the  position 
nf  the  grettteflt  amounts  of  pathological  change  which,  in  this  peculiar  form 
of  neuritis,  a  post-mortem  examination  would  bring  to  view.  In  fact, 
they  designate,  in  a  general  way,  hove  closely  related  all  »iich  clinical 
evidence  is  to  the  physical  demonstration  of  optic-nerve  disturbance,  as 
found  under  the  microscope. 

Ambltfopia  without  ophthaimogeopic  chanijee  either  in  the  retina  vr 
in  th^  optic  nerve  (hemeraiopia.  ur<rmic  amauroeia,  congenital  i-olor- 
blimJneMt  and  hemianovia)  is  so  often  svi^n  that  a  detailed  account  of 
the  symptomrt  is  de^tiraole.  iftmenilopia*  or  dittf  vision,  or,  as  it  is 
alfto  t«rme(),  niifht-filindnet*,  hait  been  spoken  of  a.s  a  symptom  of  pig> 
mentary  degeneration  of  the  retina.  At  times,  it  develops  without  any 
ophthalmoscopic  symptoms.  It  often  atTectiH  coiisidernble  numbers  of 
people,  such  as  sailors  and  soldiere.  whose  nerve  energies  hare  been 
lowered  by  long  exposure  to  glare  of  light  and  to  the  weather,  and  who 
have  had  insufficient  and  improper  food.  Impaired  nutrition  is  suffi- 
cient for  ii8  develupuient,  us  may  bo  seen  in  honpitalH  for  the  conviilcs- 
cent.  Bleftiig  t4>lls  us  that  it  is  frciitient  in  Kussia  during  the  rigorous 
Lenten  fasts  of  the  Greek  Church.  It  is  accompanied  by  dt-praved 
nutrition.  A  peculiar  xerosis  of  the  ocular  conjunctiva  corresponding 
with  the  palpebral  fissure,  often  d evelopj*  with  it.  It  usimtly  forms  a 
dry  nnsesthetic  patch  at  the  outer  border  of  the  cornea.  In  mnny  in- 
stances, the  patch  becomes  iridescent  and  silvery,  and  dry  .scales  ciin  be 
readily  detached  from  it.  This  state  of  affairs  is  sometimes  preceded  by 
disease  of  the  liver.  At  times,  jaundice  mav  he  a^^sacintod  with  it. 
The  principal  symptom  is  rapid  failure  of  vision  in  dim  light.  This 
can  be  readily  noticed  and  contrasted  with  the  vision  of  the  normal 
eye,  either  at  the  approach  of  nightfall  or  whenever  the  patient  is 
placed  in  a  situation  where  there  is  but  little  light.  The  treatment 
Cfmsista  in  rest,  alteratives,  tonics,  and  a  generous  diet. 

N^yfUilopi'i-,  or  vision  hy  night,  is  generally  n  symptom  of  central 
scotoma,  the  cloud  in  front  of  the  eye  being  less  annoying  when  objects 
are  only  dimly  ilhiiiiiniited.  and  when  the  consequently  diluted  pupil 
«llow8  more  light  to  reach  the  peripheral  parts  of  the  retina. 

Urtgmic  amauroMin  is  occnsionally  seen.  It  is  especially  found  in  the 
severe  forms  of  the  disease  which  are  accompanied  with  convulsions. 

>  Tbo  tBrma  liciDenlaftAiiud  nycUtlopU  ire  littni  luvd  In  uiCorCaiiCt:  wllb.  tbolr  prewni  suid- 
UoofidiOMDJiiiE  [uid  uot  wllb  tbel:r  ilcTiralion, 
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There  is  either  grvat  teinpuniry  impuirment  of  vision  or  temporary 
nbfloltite  blindness  without  any  ophthalmoscopic  Rjinptoma  :  these  con- 
ditions being  evidently  due  to  some  transient  aflection  of  the  cerebral 
aight-centrca.  It  must  be  reniembereil,  hovever.  that  the  conditiooB 
may  be  <lev«]ope<l  where  the  disease  of  the  kidneys  has  already  cauMd 
the  retina!  chariees. 

Congenital  caloT-hlindve»a  haa  been  discnsBed  in  its  various  aspects  on 
pages  82,  88.  198.  Id4.  and  19u. 

Hemiaiwpui  (Jft'viinnop»iii),  or  the  not  seeing  half  of  an  object. 
is  usuallv  i]t) accompanied  by  Any  chamctr-rtHtic  patholo;;icnl  altivatiimg 
that  can  be  demonstrated  with  the  ophthalmoscope.  When  krmiopia, 
or  vi»u*  diniiMcttua,  is  spokon  of,  the  affection  is  named  from  the 
act  of  seeing  but  half  of  an  object.  The  term  bemianopiu  is  prefer* 
able,  aA  it  ditttinctly  slatea  the  tnio  relationship  botwcren  the  defect 
in  the  field  of  vision  and  the  blind  portion  of  the  retina.  Slighter 
Bymmetricnl  defects  in  both  vi><uul  fielda,  which  often  have  aoslogow 
significance,  mny  at  limes  be  fonnd.  Most  freiiuenlly,  hemianopia 
is  of  the  homonymous  lateral  %-ariety.  This  signifies  that  condition 
in  which  all  points  in  the  field  of  vision  of  each  eye.  lying  either 
to  the  right  or  to  the  left  of  the  point  of  fixation,  arc  lost  to  view. 
Thus,  in  riyftt  homonymous  hemianopin,  everything  to  the  right  of  tlie 
binocuhir  fixation-point  ia  invifiihle,  snowing  that  there  ia  a  break  in  the 
functioning  jw)wer  of  the  nerve-fibres  distributed  in  some  portion  of 
the  visual  apparatus  intended  for  tlie  letl  hitlveo  of  the  retime.  The 
reverse  is  the  case  in  hft  homonymous  hemianopia.  (See  large  colored 
diagram  of  visual  fields  facing  page  SO.)  In  the  remaining  half  of  the 
6ola,  the  boundaries  of  vision  for  color  retain  their  usunl  relation  to  those 
for  form,  although  the  total  sire  is  less  than  normal.  The  line  of  demar- 
cation between  the  blind  and  seeing  halves  of  the  field  is  u.«uallv  nearly 
vertical.  In  some  forms  of  the  affection,  it  is  absolutely  so,  touching  the 
6xation-potnt  in  its  course.  The  homonymouct  lateral  %-arietvof  hemian- 
opia generally  develops  suddenly,  and  is  often  associated  with  hemiplegia. 
At  times,  tbere  is  a  diminution  of  the  cutaneous  sensibility  on  the  same 
side.  When  the  condition  is  on  the  right  sides  of  the  Gelds,  it  is  some- 
times accompanied  by  aphasiiu.  Clinicallv,  the  field  of  vision  does  not 
show  any  considerable  contraction.  NeitKcr  do  irregularities  nor  zig- 
zags develop  in  it. 

Contrasted  with  homonymous  lateral  hemianopia,  there  is  a  temporal 
^-ariety  {hetercnijmous  lateral  hemianopia).  Thi»  is  caused  by  a  loss  of 
|Mwer  of  conduction  thn^ugh  that  part  of  the  visual  apparatus  which  is 
in  direct  pbysiologioLl  connection  with  the  na«al  halves  of  the  retinie. 
In  this  form,  sensation  is  carried  on  through  the  temporal  halves  only. 
Here  the  combination  of  the  remaining  nasal  fields  renders  the  binocular 
field  of  vision  nearly  normal,  while  the  nasal  hsivoaof  the  retinse  are  pby- 
siologiciilly  blind,  thus  causing  a  failure  to  perceive  any  object  that  lies 
to  the  outi^ide  of  the  fi  xittion-pomt.  The  dividing-line  between  the  seeing 
and  blind  halvc^^  of  the  field  of  vision  is  of^en  irregular.  It  may  vary 
from  umc  to  time.  The  development  of  this  form  of  hemianopia  is 
usually  less  sudden  than  that  of  the  homonymous  lateral  variety. 

In  heteronymous  nasal  hemianopia^  the  nasal  half  of  eaeh  6elcl  is 
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wanting  upon  account  of  tKe  external  balf  of  eacti  retina  being  blind. 
Conse<|uently,  there  is  loss  of  binocular  vision  in  lliis  variety  of  tlte 
aJTection. 

Superior  and  inferior  hetnianopia  shows  itself  by  a  dividing-line  that 
is  homontal.  At  times,  this  variety  may  be  monocular  in  type.  In  aucb 
cases,  the  line  of  demarcntion  lioen  rii^t  run  through  the  tixnlioTi-point. 

Symmetrical  ami  Tnonoculav  defevts  in  other  parts  of  the  field  of  vision 
are  occasionally  encmmtered. 

JVanticrU  hemxanopia  is  of  freiiuent  occurrence  in  individuals  enjov- 
iog  fair  health,  and  h  gencrallv  homonymous- lateral  in  type  when  the 
attack  has  fully  developed.  Ordinarily,  it  is  fidlowed  by  severe  lieadache, 
and  raniiy  liy  vertigo,  tinnitus  iiHriuni,  diffitMiUy  of  apeecli,  etc.  Even 
in  intelligent  patients,  it  is«el'lom  recognized  a^  half-vision,  but,  as  in  the 
permanent  variety,  is  apt  to  be  described  as  a  dimness  or  blindnesa  of 
the  eye  which  corresponds  to  the  side  on  which  tin-  liehi  of  vision  is 
defective.  Some  cases  of  transient  hemianopia  are  accompanied  by 
peculiar  Kigzaj!  flickcrinjis  of  light  in  the  defective  portions  of  the  field 
of  vision — a  circumstance  which  hiia  caused  this  variety  to  he  termed 
tcolnma  ti':mtillanH.  Forster.  whu  lius  frequently  experienced  a  definite 
variety  of  the  allcction  in  bis  own  person,  has  given  un  accurate  account 
of  the  symptoms.  In  his  cnse,  the  phenomena  last  from  fifteen  to 
twenty-five  minutes.  They  begin  with  u  dimness  in  both  eves,  which 
gradually  increases  until  a  complete  defect,  embracing  everything  lying 
in  the  field  of  vision  to  one  siile  of  the  fixation-point,  is  formed.  These 
fivmplonis  arc  soon  followcii  bv  a  tlickering,  which  begins  in  a  zone 
around  the  scutoma,  and  increase;*  centrifugally  till  it  assumes  the  form 
oi  an  arc  with  its  convexity  directed  outward.  Tills  scintillation  rarely 
extends  beyond  the  vertical  line  which  separates  the  twn  halves  of  the 
field  of  vision.  When  the  flickering  has  reached  the  outer  limits  of  the 
field,  it  gi-ftdunlly  fades  away.  Other  varieties  of  the  affection  may  be 
accompanie<.l  by  irritation  phospbene^,  which  often  assume  the  form  of 
showers  of  luminous  particle.-),  etc. 

The  explanation  of  the  various  forms  of  hcmianopifl,  especially  that 
of  the  homonymous  lateral  variety,  has,  ever  nince  the  time  of  Newton, 
been  a  fruitful  source  of  itivestigalion  and  ttiscussion.  In  the  hope  of 
further  stmlv  upon  the  subject,  tins  nulhor  informs  us  that  it  is  probable 
that  the  fibres  from  the  right  half  of  eiwrli  retina  so  unite  at  tli«  chiasm 
as  to  go  together  to  the  right  balf  of  the  bniin,  while  those  from  the  left 
half  of  each  retina  pursue  a  smiilar  course  to  the  left  hemisphere;  and 
be  further  remurks  that,  if  he  is  "correctly  informed,  the  optic  nerves 
of  snch  animalji  hh  hiivo  ii.  binocular  field  of  vision  join  at  the  chiasm, 
while  tiiOHC  of  animals  who  have  no  biuoculur  virtion,  such  a*  the  chame- 
leon and  some  fishes,  do  not  so  join."  FiirHter  has  since  remarked  that 
this  decussation  of  the  optic  nerves  at  the  chiasm,  does  not  violate  the 
ordinary  rule  of  the  total  crossing  of  other  nerves,  because  in  tlie  bin- 
ocular field  of  vision,  the  partial  crossing  causes  all  objects  to  the  right 
of  the  fixation-point  to  be  seen  by  the  left  hemisphere,  and  all  those  to 
the  lefV  of  the  fixation-point  to  be.  seen  by  the  right  hemisphere. 

In  fact,  while  the  theory  of  parti.il  crossing  of  the  optic  nerves  in  the 
chiasm  has  been  in  the  main  satisfactory  both  to  physiologists  and  to 
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clinicians,  it  has  been  rerj  difficult  to  prove  such  semi-deciusation  hj 
auatomicul  dcmonetriiiion.  From  time  to  time,  tlitrofore,  tliere  have 
nppt'ai'cd  advocalO-3  for  the  theory  of  the  total  crossing  io  the  higher 
aniuiaU  hihI  in  man.  Consequeiitlv.ncctirding  to  the  views  of  Bieoiadecki, 
Jlaiiilelslamm,  Schwiilbe,  Schenl,  ami  Michel,  who  believe  in  total  de- 
cussation of  the  optic  nervefl,  homonymous  lateral  hemianopia  would  ht 
produced  by  pressure  upon  one  of  the  outer  angles  of  the  commiasure: 
pressure  at  the  anterior  angle  would  paralyze  the  6bre8  going  to  the 
inner  half  of  each  retina,  and  produce  tctuporal  hemianopia ;  while 
pi-esaurc  at  the  posterior  angle  would  give  rise  to  b]indn(«s  of  the 
temporal  half  of  each  retina,  as  shown  in  na^uil  hemianopia.  The  men 
convincing  proofs  of  semi-decu8i»tioit,  huwever,  are  the  experifDents 
which  have  beett  made  upon  etomu  of  tlie  higher  animals  tliat  possess  bin- 
ocular  vision.  In  the-ie,  it  hajs  been  found  by  Gudden  thai  where  an  eye  is 
extirjmted  and  the  animal  in  allowed  to  live  until  central  atrophy  sels  in, 
tliere  results  an  ascending  atrophy  of  the  nerve  of  the  enucleated  ere, 
which  niny  be  followed  up  into  both  optic  tracts;  tlie  larger  bundle  of 
atrophy  crossing  to  the  opposite  side,  and  the  smaller  one  continuing  up 
the  tract  of  the  some  side,  Woinow,  Schmidt-Rimpler,  and  Manz  assert 
that  a  similar  state  of  aflairs  ]«  attested  by  autopsies  in  man.  To  the 
clinician,  however,  the  eviilence  of  careful  postniurtera  examinations  in 
cases  of  strictly  localizpil  intra-cranial  lertionn,  hai?  of  late  years  become 
cuaviuciiig,  und  sullicient  reports  of  such  localizations  have  been  mwie  by 
competent  observers  to  show  that  homonymous  lateral  hemianopia  may  be 
caused  by  interference  with  the  conducting  fibres  in  the  optic  tract,  in 
the  thalamus  opticus,  m  the  radiating  fibres,  and  in  the  sight-centre 
situated  in  the  cortex  of  the  occipital  lobe  of  the  same  side.  If  cbe 
evidence  of  the  dis«<ectiiig-tahle  as  to  tlie  caui!<ation  of  bomonymoos 
lateral  hemianopia  by  lesion  of  these  localities  be  admitted,  there  must 
be  a  partial  and  not  a  total  crossing  of  the  fibres  in  the  chiasm. 

Where  the  hemianopia  is  produced  by  pressure  in  the  optic  tract  or 
by  disease  in  the  chiasm  itself,  an  important  localizing  symptom  is  ob- 
tained in  Wernicke's  gii/n.  This  coasisis,  as  previously  shown,  in  the 
fact  that  a  smsjl^  bright  image  tlirown  on  the  blind  part  of  the  retina 
does  not  cause  pupillary  contraction,  thus  proving  that  where  the  reflex 
is  found  iu  such  cases,  the  an:  is  complete,  and  the  lesion  must  be 
situated  behind  the  corpora  ({U»drigeminn. 

Temporal  hfmuttwpia  is  accounted  for  by  pressure  or  disease  at  the 
anterior  or  posterior  angles  of  the  commissure,  or  the  inner  strands  of 
the  optic  nerves  just  before  reaching  the  chiasm.  This  has  been  proved 
by  autopsy. 

Oroned  amblyopia  has  been  reported  by  Charcot  in  his  *'  Studies  of 
Hy8tero-«pilep8y,"'  but  is  scarcely  substantiated  by  those  cases  in  wbicfa 
he  had  the  eye-grounds  and  viaual  fields  carefully  studiecl  by  Landolt, 
vho,  although  finding  a  considerable  amount  of  amblyopia  on  the  oppo- 
site side,  always  obtained  un  accompanying  contraction  of  the  fields  of 
vision  in  the  comparatively  sound  eye. 

Tumort  of  tht  optic  nerve,  which  are  rare  and  generally  occur  in 
young  people,  are  sometimes  developed  either  from  the  dural  and  pial 
sheaths  or  from  the  ncire  itself.     If  of  moderate  sixe  and  situated  in 
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the  anterior  part  of  the  orbital  portion  of  the  nerve,  they  may  for  a 
otmsidcrable  time  cause  but  lilllc  diaturbance  of  the  tnotiona  of  the  eye- 
ball. Am  they  increase  in  size,  exophthalinus  gradually  develops,  and 
a  limitation  of  the  motion?  of  tlit^  hall,  v-hicli  may  become  ubsolate  in 
some  directions,  ensues.  They  are  usually  either  sorcnmatous  or  myo- 
sorcomatous  in  variety,  although  cases  of  tubercle  and  of  companitively 
benignant  tumors,  such  as  fibroma,  psammoma,  and  neuroma,,  have  been 
reported.  As  patient*  rarely  submit  to  operation  till  the  oitophthalmus 
i&  decided  and  the  vision  ia  either  impaired  or  lost,  enucleation  of  the 
eyeball,  with  exenteration  of  the  orbit,  is  generally  necessary.  It  is 
possible,  however,  in  some  cases  tu  enucleate  the  tumor  and  save  the 
eyeball,  as  in  those  inst,ince«  recorded  liy  Knapp,  Schiews-Gemuseua,' 
and  Gruening.  Knapp^  has  aUo  remov^  a  tumor  of  the  nerve  with 
retention  of  the  eyeball.  In  this  case,  the  cornea  sloughed,  and  the 
growth  extended  into  the  interior  of  the  cranium.  Ayres'  eaya  that 
although  there  have  been  but  few  returnti  in  lovo,  where  these  tumors 
have  been  extirpated,  yet  an  uniiHual  num]>er  of  cafles  of  meningitis 
have  followed  the  operation,  with  metasM-ses  within  the  cranial  cavity, 
which  sometimes  manifest  themselves  only  after  an  interval  of  several 
years. 

■  AtelitT  t  OphthBlmnlDglc.  UA.  xxxIt,.  IMH.  AbUt.  \\\.  B.  231 
»  Tmim,  Amer.  Ophlhal.  Sgc..  187*,  w.  SW-seO, 

■  Tnna.  Amcr.  Mod.  Awic..  lAi9. 


CHAPTEK   XXll. 


DISEASES  OF  THE    CHORIOID. 


Primakv  JiBease  of  the  chorioii)  is  generally  due  to  dogenenUva 
changes  taking  place  in  some  part  of  its  vascalar  network,  or  to  some 
constitutional  iifTocuon,  such  as  eypbilis.  At  times,  such  degenorBtionti 
either  senile  or  is  the  result  of  impaired  general  nutrition.  SecomUnr 
dis)«ute  of  tlic  choriuid  \i  oxcecdinj^Iy  fivqueut.  It  uiteu  followa  infiara* 
mations  of  the  im  or  (tiliary  ))Ouv.  More  rarely^  i(  appeajs  as  Ibe 
result  of  embolic  or  pyscmic  processes. 

HxfptTfemia  of  the  choiioid^  when  slight  in  degree,  in  not  readily 
recognized,  as  the  dense  pigmentation  of  the  pigment  cells  and  iiiter- 
vaaciilitr  spaces  beneath  tbeui,  renders  it  impossible  to  judge  accuratelT 
of  any  increaHe  of  vascularity  in  the  nienibrane.  Often,  chronic  conges- 
tion of  the  chorioid  is  revealed  by  the  state  of  the  optic  disk,  n-htch, 
owing  to  the  congestion  of  ih«  arterial  anastomosis  between  the  cen- 
tral  retinal  and  i^bon  ciliary  arccri^^,  hccomeH  of  a  dull-red  hue,  with 
well-marked  ouilinoft.  TliLt  retlnext  of  the  optic-nerve  head  lies  at  a 
deeper  level,  and  \»  quite  ditTerent  in  appearance  fh}m  the  flush  of  the 
disk  that  is  caused  by  increased  vasculnrity  of  its  true  tissue.  More  inteoM 
liyper»!niia  of  the  chorioid  produces  a  granular  or  woolly  appearance  of 
its  pigment  layer,  which  ia  probably  duo  partly  to  the  swellinc  of  the 
individual  cells  and  partly  to  the  dilatation  of  the  capillary  meahea  sor- 
rounding  the  cell  groups.  Tliifl  is  constantly  seen  in  eyes  which  have 
become  uncomfortable  from  excess  of  noar-itork.  EapecinllT  is  it 
developed  in  school-children,  among  whom  it  is  often  a«ociateti  with  slight 
hazines-s  along  the  niiiin  vessels  of  the  retina,  and  (luch  exudtitiont^  into 
the  sheaths  and  walls  of  the  finer  vessels,  that  silvery  reflexes,  which 

flay  over  the  retinal  surface  with  each  motion  of  the  mirror,  appear, 
ioth  the  wooUinesa  of  the  chorioid  and  the  retinal  reflexes  often  dlsap- 
pear  entirely  when  the  eye  la  kept  at  perfect  rest  for  some  weeks  under 
tlie  use  of  u  aolutjun  of  atropiii. 

ChoruiviUia.  Where  there  is  (wsitive  inflammation  of  the  chorioid, 
witli  e-xudation  of  lymph,  the  afiected  areas  become  more  prominent. 
In  a  great  majority  of  instances,  however,  these  prominences  ar»  m 
small  that  the  magnifying  power  of  the  upright  method  of  ophthaU 
moHcopic  examination  is  insulliciont  to  demonstrate  their  presence.  In 
all  cases,  a  diflfcn-nce  in  thec^lor  of  the  eye-grounds  over  such  elevation 
can,  neve rtb^^I CSS.  be  noticed.  These  patches  become  fawu-eolor«l 
and  yellowish,  while  the  pigment  covering  them  is  either  absorbed, 
or  piled  in  masses  at  the  periphery  of  the  inflamed  spot.  Where  the 
retina  over  the  spot  is  nUo  inflamed,  a  snowv-white  or  a  bluish-white 
patch  is  found.  Aflcr  the  retinal  cloud  has  been  absorbeil,  the  stroma 
of  the  chorioid  is  laid  bare  to  inspection.     If  the  inflaramalion  has 
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been  high  and  the  exudation  has  beeu  vonsiderablL\  a  depressed  white 
spot,  which  is  due  to  the  sclera  shining  throiigli  tlie  reDinants.  of  atrophic 
chorioid.  is  found  beueuth.  Where  Uic  lit Qomniu lion  maini  v  iovolves  the 
capillary  layer  of  the  chorioid  and  the  overlying  cpitheliuni,  the  result 
is  either  to  lav  hnre  the  large  red  vei!8els  chut  ramily  in  the  hlitck 
stroma  of  the  chorioid,  or  lo  render  them  vinihle  h»  red  sJrenks  which 
cmAt  pnrtiitllv  atrophic  white  patches.  Frequently,  the  inflammntion 
glues  the  epithelial  layer  to  the  retina  proper,  and  th«  pigmenl-grauuleii. 
wandering  ulon^  the  lymph-sbcatha  of  the  retinal  bloodvessels,  become 
especiallr  abundaui  where  the  sinaU  vascular  bi-uiiche;^  are  given  ott. 

no.  801. 


Rarlf  u«c«  of  clmcio-cvUiiltlf.    <l.ir.HiiEu:iiO 


le  above-described  changes  in  chorio-retinitis  are  well  illustrated  in 
Figs.  IJOI  and  M02.  They  represent  (he  same  eye-ground  sketched  at  dif- 
ferent stages  of  the  'liseiise.  The  white  patches  seen  in  Fig.  301  buve 
entirely  disappeared  in  Kig.  302,  which  was  taken  some  monilis  later. 
The  itabsequent  changes  in  the  chorioidal  pigment  are  well  shown  in 
Fig.  302.  Vision,  which  in  this  aise  had  been  very  dim  at  (irst,  im- 
proveil  very  much  \mde-v  rest  of  the  eye  and  the  admtnJalralion  of 
corrosive  sublimate. 

Chorioiditia  diaaaninata  is  distlngiiiaheil  bv  the  appearance  of 
numerous  small  atrophic  spots  in  the  e^iuatorial  and  anterior  portions 
of  the  chorioid.  These,  though  sometimes  rounded,  are  usually  stellate 
or  irregular  in  form.  They  may  be  developed  in  the  deeper  part  i>f  the 
chorioid.  White  small,  they  liiivc  iudisLiuct  margins  and  may  be  more 
or  lees  covered  ami  hid«!en  in  the  only  [lartialiy  changctt  epithelium. 
Many  of   the  diseased  areas  lie  iu  the  mere  superficial  layers  a&d 
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'of  thw  form  of  disease  is  given  In  Fig.  303.  This  case  occurred  in  a  patient 
aged  fort^-one  years,  who  preseiued  no  evidences  nor  gave  any  history  of 
STphili^.  He  nnd  noticed  n  gradual  failure  of  sight  for  six  tnonlhs. 
Notwithstanding  the  fact  that  the  media  were  clear  and  that  ihe  central 
retinal  Tesaoh  were  normal  in  calibre  at  the  date  of  examination,  vision 

Iiraa  so  far  reduced  that  Sugers  coutd  barely  be  counted. 
'  As  the  disease  progresses,  the  patches  often  bet-onio  more  numerous, 
boolesco  with  adjacent  ones,  and  grndbally  extend  into  the  exterior  part 
of  t}ie  chorioid. 
Chorioiditin  arrolafa,  to  which  attention  has  beeen  especially  culled 
by  Forster,  is  characterized  by  the  development  of  atrophic  spots  in  the 
region  of  the  disk  and  around  the  macula.  Owing  to  the  fact  that  these 
I  spots  prttuarity  affect  the  vessels  of  the  stroma  of  the  chorioid,  they  are 
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usually  larger  in  size,  and  are  more  vivid  in  color  than  thone  ihnt  are 
found  in  disseminate  chorioiditis.  Each  area  is  genernllv  black-rimmed, 
this  btung  caused  by  a  massing  of  pigment  at  its  bonier.  Where  die 
iiifiamroalorv  process  does  not  run  high,  n  gradual  fading  nf  the  chorioid 
to  a  brownisii-yellovf,  and  later  to  a  w  hite  color,  can  often  be  seen.  Often, 
also,  owing  to  ilio  greater  ainijiiiy  of  the  underlying  stroma,  the  edges 
of  the  areolie  appear  and^Tmineci. 

B^tg.  3U4  gives  an  ophthalmoscopic  view  of  a  case  where  the  disease  is 
fiir  adVanoed,  and  where,  consequently,  the  lesions  arc  of  long  standing. 

Fig.  305  ahows  a  section  through  one  of  the  atrophic  areas  of  the 
chorioid.  The  retina  above  the  putcli  is  thitiiu'd,  iind  the  inner  lavers 
of  the  underlying  sclera  have  undergone  piirtial  absorption.  The  um- 
bilicatc^l  depression  on  top,  sliowi>  that  tht;  patch  is  beginning  to  shrink 
and  undergo  absorption.  At  first  the  process  is  so  sharply  localized, 
that  the  rods  and  cones,  except  at  the  affected  points,  remain  intact. 
They  thus  function  perfectly,  allowing  the  patient  to  enjoy  excellent 
vision  for  years.     As  the  patient  becomes  older,  a  general  detfeooratioa 
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of  tli«  chorioid,  associated  witli  numerous  ofvaciEies  in  a  fluicl  titmKiK, 
fiotA  in.  At  times,  this  is  accompnnied  with  sufficient  alteration  in  tLe 
ntttrition  i»f  tJio  Icns^  to  cuuse  cataract. 


Fir..  .1(0 


Ii<«Unu   Uiruustl  kU  fctropQlt  troL.    (Ifor.jL-itii.i 


Choriouliiis  rfnlralit  [chorioitUtu  rircitmtcrijita)  h  th»l  vjirielv  of 
tin?  diflwiae  which  localizes  itself  in  the  macular  region.  Tlie  patient 
complains  of  a  ^rroy  cloud  situated  immediately  in  front  of  every  object 
looked  iLt.  Viisiou  ia  so  reduced  that  there  is  an  inability  to  read 
even  coarse  print,  except  when  the  book  i»  held  close  and  the  head  ut 
one  side.  The  ophthalnioscopi'  shows  one  or  more  yellowish  promi- 
nences in  tlie  macular  region.  These  are  covered  hy  a  grayiab  layer  of 
retina.  The  re)*t  of  the  eye-ground  pi-esents  nearly  ita  usual  appear- 
ance. Later,  complete  atrophy,  which  is  marked  by  a  sbarply-cut  while 
spot  thai  is  due  to  the  sclera  showing  through,  appears  in  the  nficctcd  ares. 

Chorioiditit  $t/pfiilitiea,  or,  more  properly,  chojio-rtlinUis  typhiUtica, 
is  an  affection  uhlch  primarily  attacks  the  cpitbclial  layers,  the 
overlying  retina,  and  the  adjacent  vitreoii.i.  Only  in  cases  of  some 
duration  is  disKteminate  chorioiditis  developed.  At  hrat,  there  is 
distortion  of  ohiects  looked  at.  and  flashes  of  light.  This  ih  followed 
by  rapidly  clouding  eyesight,  which  is  more  pronounced  when  the  patient 
is  siiuatcd  in  feebly -lighted  localities.  At  times,  zonular  defects  in  the 
field  of  viaion  can  be  demonstrated.  The  ophthalmoscope  shows  a 
marked  haxe  in  the  vitreouif  humor,  which  Ilea  iinmedialelv  in  front  of 
the  dittk,  and  extendi)  to  often  two  or  two  and  one-half  diiik -diameters 
around  the  nerve-liead.  In  this  ai-ea,  the  retina  i.i  clouded.  There  arc 
no  hemorrhages.  In  bad  cases,  the  vitreous-linze  may  extend  through* 
out  its  substance,  especially  to  the  anterior  part.  The  patients  are 
usually  affected  with  tertiary  stage  of  syphilis.  The  eye-diseue  is 
freqiiently  very  obstinate  in  resisting  treatment. 

Fig.  .'ll>6  gives  a  good  idea  of  the  advanced  stages  of  the  atfection  as 
it  appeared  in  a  patient  about  five  yeara  after  the  primary  lufectiou 
and  about  four  and  a  half  years  aher  sight  had  commenced  to  grow 
dim.  In  this  instance,  there  was  neii'er  any  inflammation  of  ilie  exterior 
of  the  eyes,  the  patient  comjilnininn;  of  gradually  increasing  cloudlntj 
of  the  vjition  wlnrh  soon  compelled  ahandontncnt  of  all  fine  work. 
This  was  accompanied  by  flasheit  of  light,  which,  vrheu  further  excited 
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bj  the  stimulus  of  artificial  illuminiition.  appeared  as  r«<l<lisli-ir«)1ow 
circles  of  light  tliut,  nioveil  and  grailually  melted  into  oneatiuther.  For 
two  jears  before  the  sketch  was  madp.tW  patient  bad  been  able  only 
to  distinguish  day  from  night.  The  felJow-eye,  which  was  affected  in 
the  same  way  to  a  leas  degree,  allowed  lUe  patient  sufficient  vision  to 
find  the  wav  about  the  streets  with  difficulty. 

ChoriiiHutia  Huppuralivn  i.4  not  unfreijiieiitly  otwerved  after  wounds 
and  injuries  of  tine  eye.  Where  they  involvoi  the  cornea,  there  ia  a 
rapid  clouding  of  this  loembraQe,  which  becomes  opaque.  This  is  Tol- 
lowed  by  yellowish-white  plustic  effusion,  with  the  formation  of  posterior 
gyaechia  and  tiurrowing  of  the  unterior  chamber.  The  iris  is  swollen, 
and  its  stroma  iR  dtKftected  tind  pu<4hcd  apart  hy  small  uccnmutations  of 
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pns,  that  arc  distributed  tbninglinnt  the  ah*Amifer  interspnees.  "niis 
is  accompanied  by  ciiileiasitous  sweiUng  of  the  ii^l-,  m^re  or  less  protru- 
sion of  the  eycbtiil.  and  intense  pain  in  the  eye  am)  around  the  orbit. 
The  patient  soon  losei*  all  light-perception.  Frerjaenily,  there  is  fever. 
In  rare  casei?,  there  may  be  a  partial  suppuration  of  the  eyeball,  with 
the  formation  of  an  abscess  in  the  anterior  part  of  the  vitreous,  and 
8ubset|uent  jihrinkage  (if  the  globe.  Usually,  however,  every  part  of  the 
eye  is  involved,  and  the  cborioid  is  everywhere  infiltrated  with  pus, 
which  dissecta  up  the  stroma  »nd  pushes  its  libres  apart.  The  retina  is 
also  infiltrated  with  pus,  and  \a  generally  lifted  up  and  separated  from 
the  cborioid  by  a  large  layer  of  pus.  The  vitreous  humor  becomes 
converted  into  an  ahsceita. 

Besides  the  iraumntic  form,  mvtai'tntlc  mippitrdtivi:  rfinrioitlitin  ao- 
coinp&ttyiDg  severe  fever,  such  ns  typhoid  fever,  variola,  ami  puerperal 
pyicmiu,  is  sometimes  met  with.    It  is  very  rarely  found  in  pyiemia 
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from  wounds  and  injuries,  though  Weiiw'  records  n  double  metwlatie 
chorioiditis  as  the  onlj  metastasis  that  occurred  in  a  case  of  compoond 
Cracture.  In  the  majority  of  auch  caaes,  the  disease  is  probahly  c>a»ed 
by  emboli.  In  purulcat  meningitia,  however,  it  is  supped  that  the  pua 
travels  down  between  the  sheatlis  of  the  optic  nerves,  and  then  paiseji 
int')  the  riiib-chorioidul  itpace,  thus  directly  infecting  the  chorioid. 

The  atrophic  changes  of  the  chorioid  that  fre^iuently  develop  in 
myopic  eyes,  and  are  often  designated  aapotterior  $tapfii/loma  and  »cte~ 
rotico-chorioidith  posterior,  are  described  in  the  section  on  Myopia. 

In  hyperwraia  of  the  chorioid,  a  cure  cnn  be  confiilenily  expected 
from  rest  of  the  eye  and  the  use  of  depletorj'  and  alterative  meaa- 
urea.  In  the  various  forms  of  inflammation,  the  expectations  of  a 
cure  will  vary  materiully  with  the  location  and  grade  of  the  changes, 
and  with  tlie  stAge  of  the  disease.  Where  tliere  has  been  consid- 
erable disturbance  of  the  meshes  of  the  chorio-capiUarie<i  and  of  the 
pi<nucnt  in  the  retinal  epithelium,  catisinc  the  latter  to  aggregate 
in  spots  and  to  wander  into  the  inner  layers  of  the  retina,  tlir 
outlook  is  more  dubious  thai^  in  simple  hypeneinia.  In  spite  of  this 
prognosis,  however,  a.  degree  of  vision  may  exist  which  is  much  higher 
than  the  ophchalmaHcopic  appearances  would  lead  one  to  suppose,  even 
where  such  changes  invade  the  macular  region.  MoriH>ver,  such  cases, 
even  when  accompanied  with  white  patches  of  exudation  in  the  over- 
lying retina,  often  improve  beyond  the  most  sanguine  expectations. 
under  prolonged  rest  of  the  eye  and  the  continued  use  of  mercurial  and 
iodic  alteratives.  In  all  forma  of  inflammation,  where  there  has  been 
&  large  amount  of  plaitcic  exudation,  atrophy  of  Ibu  chorioid-stroma  and 

Fressure  or  drag  upon  the  rods  nnd  cones  of  the  retina,  arc  apt  to  follow, 
n  such  cases,  a  scotoma  that  con'esponds  more  or  less  acumtely  to  the 
aftecleil  area,  may  he  demonstrated.  Where  such  atrophic  spots  exist 
only  in  the  periphery  of  the  eye-ground,  there  may  not  be  any  percep- 
tible diminution  of  the  central  vieion.  If  the  spots  are  developed  at  or 
near  the  macula  lutca,  they  are  apt  to  impair  or  destroy  usefal  eyesight. 
The  prognosis  of  any  form  of  syphilitic  chorioiditis,  if  seen  at  an  ewly 
etage,  is  always  mure  favorable  than  similar  changes  that  are  due  to  other 
causes.  Suppurative  chorioiditis  is  generally  fatal,  hotli  to  the  eye«ght 
and  to  the  integrity  of  the  eyeball. 

In  most  cases  of  mctji^tatic  chorioiditis  much  will  be  done  if  the  life 
of  the  patient  is  saved,  even  if  the  eyesi^cht  be  lost^  Fortunately,  as 
far  as  sight  is  concerned,  this  form  of  the  (liseasc  is  often  monocular. 

In  hypeiwmift  of  the  chorioid,  tlie  eye  should  bo  protected  from  the 
light  by  smoked  glasses,  and  atropia  should  be  instilled  to  aet  the  ciliary 
muscle  at  rest  and  to  diminish  the  congestion  of  the  uveal  tract.  Where 
necessary,  these  measures  may  be  advantageously  aided  by  the  abstrac- 
tion  of  blood  from  the  temple  by  natural  or  artificial  lecchea,  and  by  the 
moderate  use  of  some  mercurial  or  iodic  resolvent.  In  disseminate  and 
areolute  chorioiditis,  there  is,  unfortunately,  little  to  be  done  lu  long-stand- 
ing  cases,  or  in  those  that  develop  slowly.  Where  these  forms  of  the 
disease  are  more  acute,  and  where  there  is  a  development  of  vitreous 
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opnciti«s,  the  local  abstraction  of  blood,  with  the  alterative  ind  Ueple- 
tory  meoHnrea  that  have  been  detailed  in  tho  treatment  of  iritis,  should 
be  used.  Aa  tbe  s^vphilitic  tbrm  of  chorio-retinitiit  utiuallj  occurs  in  the 
a(h'&Dced  stage  of  tbe  disetute,  the  most  energetic  and  persiatont  auti- 
Byphilitic  measures  should  be  re«ortcd  to.  The  treatment  of  metastatic 
chorioiditis  must,  of  course,  be  mainly  Jaflucnced  by  the  general  ntateof 
the  patient.  When  suppurative  chorioiditis  ha^  fairly  set  in,  the  surgeon 
will  generally  do  well  to  alleviate  the  suffering  of  the  patient  by  either 
enucleating  tbe  eyeball  or  evacuating  it«  eoutcuts.  Most  Continental 
Earopeivn  vriters  hold  that  enucleation  under  thcfic  circumstances 
endangeTB  the  life  of  tbe  patient  by  tending  to  produce  suppurative 
meningitis.  This  view,  however,  is  not  held  by  many  Kiiglish  surgeons, 
and  in  the  opinion  of  the  author,  enucleation  is  the  best  treatment,aiid 
does  not  involve  any  additional  danger  to  the  life  or  well-being  of  Uie 
poticnt,  where  the  case  is  of  tmumaiic  origin. 

Detachment  oft/ie  chorioul  from  the  underlying  sclerotic  takes  place 
in  some  slates  of  chronic  inftamination  of  the  chorioid.  Inasmuch  as 
the  chorioid  is  fastened  down  posteriorly  by  the  short  ciliary  arteries, 
KDd  at  the  ocular  ecjuutor  by  the  vortex  veins,  tbe  .•wparation  generally 
appears  in  the  anterior  portion  of  the  coat.  Ophthalmoscopically,  the  de- 
tachment appeara  as  a.  rounded  prominence,  that  is  covered  by  a  more  or 
lossopatjue  retina,  which  hiisbeen  pushed  up  in  fi-ontofit.  The  color  of 
the  prominence  varieii  partly  with  the  amount  of  retinal  haze,  and  partly 
with  the  amount  and  distribution  of  tbe  pigmeut  in  the  epithelial  celts. 
As  a  rule,  the  tumor  c-an  be  differentiated  from  i^imple  detachment  of  the 
retina  by  tbe  fact  that  the  chorioid  is  close  behind  it,  and  by  the  absence 
of  anv  vibrating  and  tremulous  motions  in  it.  when  tlie  eye  is  moved.  It 
is  to  W  distinguished  from  pigmented  sarcoma  of  the  chorioid  by  its  less 
rapid  growth  and  cliange  of  shape,  and  by  the  diminished  tension  of  the 
globe.  In  detachment  of  the  chorioid,  tension  is  usmilly  below  normal, 
while  in  intra-ocular  growths  it  i»  often  increajied.  Eyes  afFected  by 
detachment  of  the  chorioid,  generally  nmlergo  atrophy.  Tins  condition 
also  ensues  after  wounds  and  operations  on  the  eye,  in  which  there  boa 
been  marked  loss  of  vitreous.  Knapp'  reports  a  case  of  cataract  with 
fluid  vitreous,  in  which,  iiOer  openition,  three  brownish  rountleii  tumors, 
which  were  supposed  to  be  sarconjiitotiB.  developed.  They  were  visible 
with  the  ophthalmoAcopu.  und  apponrod  velvety  on  their  surface. 

/tu/iture  of  the  rhorioid,  as  the  result  of  st-verc  blows  upon  the  eye- 
ball,  usually  oc(.?urs  at  the  posterior  portion  of  the  membrane,  near  tbe 

nrtion  of  the  optic  nerve.' 

DmtminaU  or  miliary  tubercU  of  thr  chorioid  is  always  primarily 
depoBited  in  the  capillaries  of  thechorioid.  It  may  subseriuently  become 
interstitial,  infiltrating  tbe  entire  thickness  of  the  membrane,  and  separ- 
ating '\\A  fibres  as  pus  does  in  suppumtive  processes.  Generally,  however, 
it  appears  ophthalmoacopicnily  in  distinct  spoiA  or  nodules,  that  are 
situated  in  the  posterior  part  of  tbe  chorioid  near  the  optic  entrance  and 
macula.  Tbe  tubercular  miuisus  appear  as  whitish-yellow  spots  in 
the  stroma  of  the  cborioid.     They  vary  in  size  from  one-eighth  of  tho 

>  lum-OCulftT  TanKiT*.  pp,  3Gi-:fnv. 
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diameter  of  the  optic  disk  to  the  she  of  the  disk  itself;  and  bumt,  hj 
oon&ucncc  or  adjoining  erovrth.i,  aggn^tc  into  larger  musee.  Thew 
spots  are  prominent,  ana  may  be  surrounded  bj  a  narrow  border  of 
cliorioid  which  sbovrs  Hll^hc  change  of  color  bj  reaaoD  of  disturbance  in 
its  pigmentation.  It  is  rare,  bovrever,  to  have  any  black  boundair  of 
pi^^ment  around  a  prominent  area.  There  is  an  additional  variety  of 
tubercular  infiltration  which  is  an  accompaniment  of  tubercular  menio- 

Sttis.     Tbi?  variety  bus  a  marked  retinitis  and  jewelling  of  the  bead  of 
IP  nerve  assiiciated  with  iu 

SoUtarif  fuhirrvlf  of  the  chorioid  is  very  rare.  It  manifests  ilsdf  lo 
the  opbthalmosuope  aa  a  large  nodule,  which  resembles  sarcoma.  Il 
causes  detachment  of  the  retina.  In  some  cbrunic  cases,  the  intn- 
ocular  tubercular  mass  is  the  primary  scat  of  the  disease. 

TuhercUe  of  the  cfiori<nd  often  occur  in  children  anfTerin^  from  acot* 
miliary  tuWrctiluais.    In  con«e(iueiice,  however,  uf  the  difficulty  of  can^ 
ful  ophthalmo!4crj[)ic  i^xamiiiatititi  in  sick  and  restlc!<8  children,  their 
occurrence  often  esoapc-H  detection.     Their  rrc(|uencyin  this  situatioa  b 
variously  estimnted  by  <lifterent  observers.     Cobnheim,  who  has  luaiif 
many  autopsietn  in   cases  of  acute  inilinry  tuberculosis,  declares  ibtt 
tubercles  of  the  chorioirl  are  to  be  always  found.     Many  other  obserren, 
however,  assert  that  they  are  exceptions.    Thus.  Allbutt'  states  that  W 
has  examined  ten  individunU  so  affected,  with  the  ophthalmoscope,  a>il 
has  made  two  auiopsiwt,  all  with  negative  result.     Garlick,'  Juripg  * 
two  years'  ex|)crience  ni  a  chihlren'!)  Iioi^pital,  has  found  them  but  onte, 
lleinzel'  reports  ten  autopsies  of  children  with  general  tuberculosis.  In 
none  of  these  were  tubercles  of  the  chorioid  present. 

In  miliary  tuberculosis  of  the  chorioid  there  arc  rarely  any  obsem- 
ble  symptoms,  the  patients  dying  of  the  general  alfeeUon  before  tint 
disease  of  the  eye  has  advanced  very  far.  Solitary  tubercle  ainjt 
threatens  the  existence  of  the  eye,  and  if  left  alone,  is  aaid  sometimfsto 
work  irs  way  tbniugh  (be  sclerotic.  Most  patients  affected  with  it  die 
of  tubercnlons  iliseiuse  of  the  brain  or  other  organs. 

In  the  solitary  form,  enucleation  Jathe  proper  treatment.  This  i»w 
be  done  with  a  view  of  preventing  infection  of  other  parts  of  the  Iwtij. 

/Sarcoma  of  the  chuTtoid,  though  originating  in  a  densely- pi gm<?ntw 
matrix,  is  sometimes  white  and  free  fmm  pigment.  The  latter  varictT 
is  more  apt  to  occur  in  young  subjecta  in  the  anterior  part  of  the  eye- 
ball. The  growth  is,  however,  usually  densely  pigmented,  and  9om^ 
times  consists  so  entirely  of  small  spindle  cells  as  to  become  almstt 
6brous  in  character.  At  other  times,  mixed  spindle  and  round  oelb. 
and  sometimes  small  round  cells,  form  the  hulk  of  the  tumor.  Knapf 
maintains  that  the  spindle-celled  forma  arc  outgrowths  of  the  onier 
layers  of  the  chorioid,  and  that  the  round-celled  varieties  are  devetoped 
from  the  inner  layers  and  the  chorio-capillaris.  These  growths  «•- 
mence  as  small,  rounded  prominences,  with  an  overlying  detachment  of 
the  retina.  They  can  only  be  diagnosticated  wjtlt  certainty  as  to 
by  watching  them  for  some  time,  and  seeing  cither  that  they  b( 
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increase*!  in  aize  or  that  new,  smaller  proininenw*  are  (ievclope'l  on 
them.  When  they  are  large  and  have  advanceil  toward  the  region  of 
the  lens,  the  newly-formed  vessels  ramifying  in  the  tumor  proper  can 
Romoiimes  be  ciisiingaifihed  from  those  of  the  overlying  retioa  by 
oblione  light,  or  by  a  atrona;  magnify  in;; -glass  placed  behind  the 
oplitlialmosoopic  mirror.  By  tbis  m«ins,  the  diagnoeia  18  fretjuently 
rendered  more  certain. 

The  lietached  retina  is  often  irregtiUrly  pigmented.  As  the  ramora 
increase  in  sise,  they  may  cauee  su^cieni  irritation  to  the  eiunx)undiug 
^■tissue  or  enough  obstruction  to  its  circulation,  to  produce  an  efTuition  of 
^■Beram  and  an  increase  of  iiitni-ocukr  tension.  Tliis  condition  of  alTair^ 
^■is  attended  by  clouding  nf  the  coniwi.  injection  of  ihc  pcricomenl  veins. 
^Tind  severe  pains  in  (he  temple  and  forehead  ;  in  fact,  a|]  the  ordinary 
symptoms  of  a  glaucotna  that  originate  from  other  caufies. 

Afl  the  new  growth  increases,  it  works  its  way  into  the  sclerotic  and 
separates  and  pushes  aside  the  fibres.     Having  thus  found  entrance 
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into  the  orbit,  it  grows  rapidly,  forming  an  episclenil  tumor  that  is 
oHen  much  larger  ihan  the  original  growth  within  the  eyeball,  Fig. 
307  shows  a  tuiuor  that  was  iho  siwof  a  ben's  egg.  It  was  hard  an<l 
nodulateil  to  the  touch,  and  was  composed  of  ninsses  of  small  spimlle 
cells  which  grew  from  a  cicatrix  that  was  left  by  the  removal  of  BLaphy- 
loma  of  the  cornea,  some  yenrs  previoualv.  The  tumor  complctelv 
filled  the  shrunken  eyeball.  The  birgo  secondary  episcleral  growth  ia 
abto  ropraaentod  in  the  5guro.  Fig.  808  represents  a  pigiuetited  aar- 
coma  of  the  chorioid.  This  growth  bad  Ciiused  siippumtive  chorioid- 
itis, and,  having  found  its  way  through  the  sclerotic,  bad  formed  a  non- 
pigmented  episcleral  mass  of  considenible  size.  The  intra-ocular  tumor 
was  composed  mainly  of  targe  polyuucleated  pigmented  cells  that  were 
mixed  with  pigmented  spindle  cclU.  The  episclerul  growth  exhibited 
similar  cells,  which  were  non -pigmented.  Thcite  conditions  are  well 
shown  in  Fig.  309. 

As  soon  as  the  diagnosis  is  assured,  immedintc  enucleation  of  the 
eyeball  is  the  best  treatment.  This  is  so.  becnusc  the  tumor  in  its 
early  stages  has  not  yetinBltruted  cither  the  sclerotic  or  the  optic  nerve. 
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thus  offering  the  best  possible  chance  for  escape  of  the  orbital  tissues. 
Notwithstandiug  these  favonible  circum^^tances,  growLhft  of  a  etmilar 
ohameteV,  us  for  iri^tnncu  in  the  liver,  are  often  found  from  one  to  three 
years  after  the  operation.  While  this  is  freqitentlj  the  ease,  it  is  pos- 
sible Co  hohl  the  disease  In  abeyance  for  many  years.  The  author  hu 
followenl  the  after-history  of  a  case  of  finely- felteil,  spindle-celled,  pig- 
mentetl  sarcoma  for  a  period  of  thirteen  years  ufl«r  enucleation,  daring 
which  time  there  has  never  boon  any  local  or  general  recurrence  of  tbe 
disease.  In  several  other  instances,  he  hu  seen  death  from  early  ap- 
pearance of  the  disease  In  tlie  Hver.  Many  cases,  however,  are  loeC  sight 
of  for  the  purpose  of  studying  the  natural  history  of  the  diseaae.  For 
example,  if  disease  of  the  liver  should  manifest  itself  after  a  period  of 
some  years,  the  patient  mny  jtasA  into  other  hands,  and  neither  the 
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piitient  nor  the  practitioner  suppose  that  a  previous  tumor  of  the  eye 
)in<t  anvihiiig  lo  do  with  ilie  development  of  the  disease  of  the  liver. 

In  all  cases  of  siirvutiui,  the  cut  end  of  the  optic  nerve  in  tbe  orbii 
should  be  carefnily  examined  after  enucleation  of  the  eye.  and  if  it  be 
infiltrated  by  pigment,  it  should  be  aj^ain  fwized  and  resected.  Where 
the  tumor  has  gradually  pushed  its  way  through  the  iuoer  spaces  be- 
tween tbe  scleral  fibres.  »  smaller  extra-ocular  lump  in  a  correapondiDg 
position  is  often  found.  If  this  lump  appears  to  have  infected  the 
orbital  tiflsucft,  the  pcrioateum  of  the  orbit  should  be  dissected  off  and 
the  entire  contents  of  the  orbital  cavity  removed.  If  aoy  attachments 
have  formed  to  the  hones  of  tlie  orbit,  the  points  of  adbomon  should 
be  seared,  with  a  idl-hot  iron.  When  the  disease  is  far  advanced,  the 
prognosis  is  In  every  vray  serious,  and  tbe  probability  of  b  return  to  the 
same  locality  is  very  great. 
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Metastatic  neoplaamB  m  the  ekorioid.  Although  primary  sarcoma 
of  the  chorioiil  is  usual,  yet  secondary  dflposita  in  this  memhranc  are 
rare.  Virchow  says  thai  id  the  eye,  as  in  other  organs  wliere  "  proto- 
psthic  tumors  are  commoD,  metastaais  is  infreipient."  TIte  experience 
of  every  practitioner  hears  witness  to  the  accuracy  of  tliis  obacrration. 
Fflugcr'  (ioacrlbcs  u  metastatic  sarcoma  of  the  chorioid,  the  original 
Mat  of  the  disease  being  a  nrevua  of  the  neck  which  had  undergone 
sai'comatous  degeneration.  Perls,  Hirschberg,  Scholer,  Manx,  and 
Schapringer  have  each  recorded  cases  of  uietaBtatic  earcinoma  of  the 
chorioid. 

Formation  of  bone,  ae  a  result  of  chronic  and  long-standing  irrita- 
tion in  degenerated  and  shrunken  eyes,  is  often  met  with.  It  appears 
in  the  form  of  sheets  of  bone,  with  well-developed  canallculi  and 
lacnnie.  It  is  generally  found  in  thy  inner  htycra  of  the  chorioid.  and 
in  the  fibrous  exudate  that  has  formed  between  the  chorioid  and  the 
retina.  These  new  growths  occur  as  a  tliin  layer  of  varying  thickness, 
which  is  situated  either  near  the  insertion  of  the  optic  nerve  into  the 
eyeball  or  in  the  cUiary  region.  Occasionally,  they  are  found  sufficiently 
extensive  to  form  an  incomplete  hollowed  shell.  They  are  not  infre- 
quently encountered  in  phthiaical  globes.  They  have  no  particular 
significaDce,  except  so  far  as  by  their  presence  or  growth,  they  may 
give  rise  to  sympatlielic  ophthalmia. 


cullolil  irowtbL   iFAcnoisnciiiRj 

l?fW  eoUcid  groivtha  arc  little  projections  from  the  lamina  vitrea 
!  chorioid,  which  project  up  toward  the  retina  and  sometimes 
invade  its  tissue.  They  are  usually  covered  with  t]ii>  pigment  epithe- 
lium.    Thev  are  most  frequently  met  with  in  the  ef|nntorial  region. 

Fig.  SlO  shows  two  such  growths.  The  larger  one  exhibits  a 
concentric  striation  of  ita  tissue,  and  is  mostly  covered  by  pigment 
epithelium. 
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Althoagh  tliey  gcDcrallv  constitute  one  of  the  forms  of  senile  de- 
generation of  the  eye,  yet  Wocker  states  thnt  they  ore  sometiines 
aevelopeil  us  a  coEtsequence  of  chronic  cliorioiJal  disease  both  in  the  oM 
ami  young.     If  so.  they  are  then  visible  with  the  ophtbalmoncope. 

Cohboma  of  the  ehotioid  is  the  nftme  given  ta  a  congenital  defect 
which  genefatly  involves  hoth  the  retina  nnd  chorioid.  It  mny  Ue  ac* 
companied  by  a  similttr  faulty  development  of  the  iris.  It  asually  affects 
both  eyes,  and  may  be  hereditary.  The  defect,  which  soinetinie«  in- 
volves the  optic  nerve,  ii^  generally  situated  in  or  near  cbc  vertical 
meridian,  and  extend?  from  before  backward.  ]t<i  greatest  bn^aJth  is 
often  placed  posteriorly,  and  it  runs  to  n  point  anteriorly.  At  times, 
however,  it  miiy  be  broader  in  the  middle.  Its  edges  are  irregular,  and 
frequently  have  projections  into  which  the  chorioid  runs.  Ophthabno- 
soopicalty,  it  nfipuiint  a.^  a  brighi  wliitfi  area,  which  corresponds  in  siie  to 
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the  defect  of  the  epithelial  layer  and  the  chorioidal  stroma  pigment. 
This  defect  lies  at  a  much  dce)>er  level  than  its  edges.  Over  it.  blood- 
beuring  retinal  vei^sels  run  with  a  hbarp  bend,  sometimes  to  rise  to  the 
retinal  level  on  the  other  side,  and  again  to  disappear  into  the  cho- 
riuidnt  stroma  at  the  olges  of  the  colobomii.  If  the  defect  be  large. 
irregularities  in  ita  outer  wnll.  which  arc  scaphoid  and  bulging  outward 
at  point«,  can  generully  be  seen.  The  optic  disk  is  either  round  or 
horiaontal  oval,  while  the  central  artery  and  vein  have  a  distribution, 
which,  although  variable,  is  quite  different  from  that  which  is  ordi- 
narily seen.  In  some  instimces,  the  coloboma  solely  affects  the  macular 
region.  In  such  caaes,  its  borders  are  nearly  roumi.  irregularly  curvetl.  or 
rhomboid.  There  is  always  a  fault  in  the  field  of  vision  which  corre- 
sponds  in  general  form  with  the  defect  in  the  retina  and  chorioid.     In 
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some  cues  of  macular  coloboma,  the  amblyopia^  however,  is  so  great  as 
to  render  aq  accurnie  mnpping  of  the  field  impossible. 

Fig.  3LI  gives  an  excoUcnt  representation  of  a  irell-tuarkcd  colo- 
boma  of  the  cborioiil.  Here,  the  optic  disk  is  almost  vertical  oval  with  a 
peculiar  pynitnidal  excavatiou  at  it^t  lower  part,  that  e.xlendx  to  the 
eclenil  ring.  Over  tlie  edge  of  the  »c!enil  ring,  the  lower  retinal  vein 
bends  sharply,  as  is  so  often  seen  with  the  retinal  vessels  in  glaucoma. 
The  whole  distribution  of  the  retinal  vesseU  is  nnoniDlouB.  the^-  sending 
small  branches  into  a  delicate  whitish  membrane  which  overlies  the 
oolobonia.  The  e.xciivatioii  is  divided  into  three  portions  of  diffei-eut 
depths — the  deepest  being  nearest  the  disk.     TLie  edges  of  (he  eolobotna 

FlO.  813. 


^(i^; 


taMivo««m«pp«uanreorarn1ohoiiMorthefTl*,clllkry  brnlri'o'lctkirtoKl.  (Wkul Md Booc.) 

are  bounded  by  an  irregulnr  black  stripe  covere<l  in  placeawitU  pigment 
massing.  At  the  riglit-liand  edge,  lUe  pigment  of  the  chorioid  la  want^ 
ing  in  places,  tlius  ennbling  a  view  of  sorac  of  the  vessels  of  its  stroma 
to  be  obtaiued, 

Tlie  post-mortem  appearance  of  an  interesting  caae  is  shown  in 
Fig.  3l5.  Here,  the  pupil  is  ovoid  with  it.s  long  axis  in  the  direction 
of  the  coloboua.  Beitealb  it.  t>epanited  by  .some  of  the  circular  libres 
of  the  iris,  there  is  an  ovoid  coloboma  which  communicBtes  with  the 
defect  in  the  chorioid  by  a  slitdike  cleft  iu  the  ciliary  body.  The  ciliary 
prooessee  ore  distorted  In  the  vicinity  of  the  cleft  and  one  of  the  vorti- 
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cose  veins  stops  abruptly  at  the  edge  of  the  coloboma.  A  few  vessels 
are  seen  Ijing  deeply  in  tlie  colobomattous  area. 

Although  Tiiftny  oplitbalmoscopic  cases  have  been  reported,  yet  tbwe 
have  been  so  few  in  which  the  eyeball  has  been  disiwcUKl,  that  the  state- 
ments OS  to  the  character  of  the  tisaue  found  in  the  coloboma,  are  at 
variance.  Two  of  the  most  careful  autopsies  are  thoae  reported  by 
Arlt.'  Id  the  second  of  thcee,  a  membrane,  which  was  continuous  wiu 
both  the  retina  and  the  chorioid,  couhl  be  neen  crossing  the  coloboma. 
In  this  membrane,  all  of  the  retinal  structures  were  found  imperfectly 
developed  and  scattered.  A  few  epecks  of  pigment  in  a  fibrous  tissne, 
was  all  that  remained  to  repre-sent  the  chorioid. 

The  defect  ia  often  accompanied  by  mierophthalmus.  At  tiroes,  a 
string  of  fibrous  tisaue  and  bloodvessels  can  be  sc«n  running  from  die 

J)Osturior  part  of  tbe  coloboma  forward  Lo  the  position  of  the  lens.  Sfl 
iir  HA  embryology  has  given  an  insight  into  the  nature  of  this  affectioo, 
it  would  appear  to  depend  upon  a  failure  of  the  f<etal  slit  in  the  sec- 
ondary eye-bladder,  to  close.  According  to  Von  Ammon,  the  foetal  sJit 
closes  normally  from  before  backward,  thus  accounting  for  tliose  in* 
stances  in  which  there  is  a  coloboma  of  the  chorioid  without  inrolve- 
nirnt  of  the  iris.  Our  knowledge  of  the  development  of  the  macula  lutes 
in  not  sufficient  to  offer  a  good  explanation  of  the  presence  of  the 
form  of  coloboma  which  occurs  in  that  region. 

■  KmnklMdceo  de>  Aiig«»,  3.  IIS. 
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DISEASES  OF  THE  VITREOITS. 

HyalittM.  Inasmuch  as  the  vitreousiB  devoid  of  blooJvessets  and  nerves, 
>ing  simpW  a  maas  of  tran3|>arfint  mucoid  material  that  derives  its  nutn- 
menl  from  the  bloodvessels  of  the  ciliary  proccsaei,  retina,  nnfl  chorioiti. 
by  mdosmosis,  itA  piithalcigtcal  chinges  arc  few,  being  moijitlj  secondary 
to  other  iollBinniatory  nr  iJeeeDerative  proceiMea  in  the  tissues  of  the 
eye.  Entopic  examination  snows  tliat  there  are  groups  of  cells,  beaded 
6laments,  and  membranous  expansions  in  every  vitreous,  which,  accord* 
ing  to  Jftgo,   are  so  disposed  that  there  is  a  central  bog  with  septa 

Pleading  out  from  it  that  are  ao  arranged  as  to  diridc  the  rest  of  the 
vitreous  into  smaller  bugti.  The  ophthalmoscope  faiU  to  reveal  these 
ccib  and  i^epta,  which,  althougli  thrnwin^  8iiffici<-nt  nliadaw  on  thu  retina 
to  l»c  readily  noticed  by  the  individiml,  are  invisible  when  the  fundus  w 
illuminateil  by  the  mirror.  In  fact,  it  is  only  when  the  structures  of 
the  vitreous  become  thickened  by  proliferation,  or  when  they  undergo 
degeneration  and  become  more  opafjue,  that  they  can  be  discerned 
ophthalmoscopicaily. 

The  majority  of  the  opacities  of  the  ritreoua  are,  however,  depcndoit 
upon  either  the  wanderingof  lymph-oella  into  the  tissue(wliich  are  visible 
•A  a  delicate  ctoml),  or  the  changes  that  are  undergone  by  them  during 
their  transformation  into  fibrous  tissue  or  degeneration  into  pus.  At 
times,  they  may  he  due  to  hemorrhages  from  the  vessels  of  the  ciliary  pro- 
cesses or  of  the  retina  into  the  ^^truclure  of  the  humor  with  subsequent 
changes  in  iho  effused  blood.  Where  there  is  a  wound  of  the  eyeball,  any 
bead  of  vitreous  which  has  been  caught  in  the  point  of  injury,  eun  often  bo 
Men  becoming  gray  from  iiitiltration  with  wandering  cells.  In  many  in- 
fltances,  a  gray  streak  running  buck  into  the  wound  maile  in  the  vitreous 
by  the  peiTorating  body,  may  he  observed  with  the  ophthalmoscope.  At 
times,  a  fine  cloud-like  mass  may  be  recognized  at  the  termination  of  this 
gray  streak,  thus  inflicaliiig  the  presence  of  a  foreign  object,  yometimes. 
minute  spllntersof  metal  or  smiul  shot  become  enciipsuhited  and  rcronin 
in  the  vitreous  for  yeurs  uilhout  producing  any  serious  disturbance. 
Usually,  however,  such  bodies  gradually  find  their  way  to  the  bottom  of 
the  eyeball,  where  they  may  produce  purulent  chorioiditis  or  give  rise  to 
sympathelic  ophthtilmiji.  At  times,  a  local  abscess  forms  around  them, 
which,  pointing  thn.iugh  the  sclera,  allows  them  to  be  thus  evacuated. 
In  some  cases,  a  wound  of  the  vitreous  gives  rise  to  a  proliferation  of 
fibrous  tissue  that  is  sufficient  to  cause  a  depressed  cicntrii  in  the  sclera 
vith  detachment  of  the  retina. 

As  previously  pointed  tuit,  hyalitis,  when  not  traumatic,  is  necessarily 
;»econa»ry.  Oplithjilmoscopically,  it  manifests  itself  either  by  a  fine 
douding  and  delicate  stippling  of  the  vitreous,  by  the  formation  of 
filaments,  membranes,  and  iiTegularly  rounded  masses  {^fioccult),  or  by  a 


I 


512 


bISKA&Sft   OF    THE    VITRKOOS. 


disintegration  aad  softening  of  its  tissava  (xyn<'7ty«i«).  The  tariom 
opacities,  in  whaipver  niunitcr  nmiluceil.  tlirow  slmilows  un  the  retini, 
causing  the  patients  to  complain  of  seeing  such  nhjecte  a«  "fiiM," 
"spiders,"  or  "networks  of  titnments."  This  symptom  is  denominucd] 
mf/0de$opia.  Mutr(e  pohtantt-n  are  by  no  means  nlwava  cac 
nriottfl  change  iu  ilie  vitrcou)«,  being  freiiucntiv  found  tu  diaturb 
patients  with  norniul  vitreous  huinnr»,  wh<ise  retina;  are  hj 
from  overwork.     Anyone  who  hn*  not  been  annoyed  with  auch 
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during  reading  or  in  looking  into  the  fiehl  of  a  microscope,  can  rwJily 
get  un  idea  of  vhat  is  Bcen  and  complained  of  by  hitt  patient,  by  holding 
a  vi3itin;;>card which  has  had  a  hole  pricked  into  it,  close  in  front ofbis 
eye.  By  nuw  giving  the  curd  a  series  of  shaking  movements  so  «t  u 
catiso  ttie  pin-hole  to  pass  across  his  field  of  viaiun,  while  he  looks  at 
the  blue  sky,  or  <iom«  brightly  illuminates^  object,  he  will  notice  a  serin 
of  entopic  images  and  shadows.  Fig.  313  represents  the  beaded  fib- 
menta  which  arc  to  be  seen  entopically  in  everv  vitreous,  by  the  oaeof 
a  small  pencil  of  divergent  light.  The  npper  end  of  the  Blaineotbehij 
further  from  the  retina,  throws  a  larger  ehiidow  and  therefnre  appeiui 
of  greater  size.      Such  filaments  form    a    network    throu^:'  -it- 

reou8.      Tlie  light-centres  of  the  iiidiviilual   beads  may  tc 

appear  black  when  they  are  examined  in  a  beam  of  convi  .  'il. 

such  as  can  be  easily  obtained  by  placing  a  convex  leim  •■.  ..«M-utcli 
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focu«  in  front  of  the  ey«  and  varying  the  distance  at  which  it  \s  held  as 
it  IB  de«irc*l  to  throw  the  focua  iu  tlie  more  auperticiul  or  the  deeper- 
lying  parts  of  the  vitreous. 

The  rer^-  line,  diffuse,  dust-like  opacities  tn  tbe  vitreoiu  that  are 
so  often  associated  with  specific  chorio-retinitii).  are  inueh  less  fre- 
qtiently  encountered  than  the  filaments  ami  fiocculi.  These  dnM-Hlce 
opacities  may  be  either  iliffused  throughout  the  humor  or  condensed 
into  hull-like  masses.  The  filaments  and  fiocculi  are  generally  found 
moet  developed  in  either  the  anterior  or  the  posterior  part  of  the  vit- 
reous. They  are  ufiimtly  accompanied  with  (tufhcient  bn^aking  down  of  the 
tiftftuett  of  the  vitreous  to  allow  them  to  flriat  freely  about  with  the  %'ariou8 
movements  of  the  eye.  When  the  vitreiiiis  opacities  develop  suddenly  »nd 
when  they  are  situated  in  tlie  anterior  pnrt  of  the  eye,  they  are  generally 
caused  by  hemorrhages  which  have  originated  in  the  ciliary  processes.  If 
tboy  are  aituatetl  in  the  back  part  of  the  humor,  they  result  from 
braucngcs  in  the  bloodvesscU  of  the  retina.  Under  ophthalmoscopic 
illuminatiou,  tbey  appear  blackish  or  brownish.  When  situated  in  the 
anterior  portion  of  the  vitreous,  their  red  color  can  b«  frcfpiently 
demonstrate'l  by  oblique  illtimination.  1'liey  are  often  absorbed,  hut 
at  time!>,  undergo  &tty  degeneration  and  leave  cholesterin  crvBtaU 
behind  them.  More  fret|uentlT,  permaneDC  muacffi  remain.  When 
there  is  extensive  softening  or  fiuidity  of  the  vitreous,  the  opacities  can 
be  seen  making  considerable  excursions  through  it.  When  cholcsterin 
or  tyrosin  crystals  are  present,  a  brilliant  silvery  or  golden  shower  can 
be  noticed  moving  about  iu  the  vitr«ous  with  every  motion  of  the  eye. 
When  there  w  acute  inflammation  of  rhe  eye.  tbe  vitreous  opacities  are 
apt  to  be  filamentous  and  membraniform  in  character.  Kspecially  is 
thia  so  in  those  opacities  which  are  produced  in  inflammations  of  the 
ciliary  hody.  In  many  cases  of  myopia  with  thinning  and  8tftphylom& 
of  the  posterior  part  of  tlie  jflobc,  tlie  adjacent  vitreous  becomes  fluid. 
This  shows  why  myopes  are  especially  likely  to  be  annoyed  by  musoe 
volitantes.  By  some  unaiouiist«,  tinci  cundition  is  aot  accepted  as  » 
breaking  down  of  any  [lari  of  tbe  vitreous  humor,  but  is  considered  to 
be  a  detachment  of  the  vitreous  from  the  retina,  allowing  the  interven- 
ing space  to  be  occupied  by  effused  serum  and  lymph. 

JVtru>  grotcths  in  the  vitreous,  consisting  of  pillars  and  coils  of  con- 
nective tissue  and  newly-formed  vessels,  are  occasionally  met  with  in 
cases  of  proliferating  retinitis.  A  reprefH>ntation  of  ^uch  vcjwcIs  before 
tbey  hare  attained  any  very  great  size,  is  given  in  Fig.  2~fi.  It  is  only 
in  nre  cases  of  chronic  inflammation,  whilst  the  vitreous  remains  com- 
paratively cle<ir,  that  such  new  growths  can  he  seen  and  studied. 

PerttMtent  ht/a/mil  arfi^n/.  In  studying  eye-grounds  with  the  oph- 
tlialmoscope,  a  little  tag  of  tissue  attached  to  thi!  sheath  of  the  retinal 
vessels  at  the  poraa  opticus,  and  floating  about  with  the  motions  of  the 
eye,  is  frequently  seen.  More  rarely,  whitish  strings,  which  lead 
ODt  from  the  same  point  and  branch  in  the  vitreous,  can  sometimes 
be  followed  to  the  posterior  pole  of  the  lens.  In  the  latter  form,  these 
are  evidently  thickened  remnants  of  tlie  foscal  hyaloid  artery  and  its 
branches,  the  main  stem  of  which  thus  demonstrates  the  pasition  of 
the  vitreous  canal.    Several  cases  of  persistent  hyaloid  artery,  which 
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remaiaed  blood -beariag,  are  reported.     Koapp'  has  recorded  one  a 
irhich  the  condition  waa  preeent  in  both  e^'ee. 

Parante-i  in  the  iiitreou$.  Numerous  cases  of  the  developmeat  of 
cysticercua  in  the  vitreoua  hamor  are  reported  in  Germany.  Tbe 
affection  is  raueh  rarer  in  Austria,  England,  France,  and  this  coamn. 
irseen  soon  alter  tlie  develupmenl  of  the  parasite  and  ita  eatraiice  into 
the  vitreous,  before  it  hiw  exciteil  aullicient  inflammation  to  priiduw 
much  opacity,  it  presents  a  very  striking  picture,  which,  with  full  diU- 
tation  of  the  pupil,  is  generally  easily  recognized.  A  bluish  ball  vitk 
translucent  walls,  which  not  only  moves  in  the  vitreous  with  the  tnotioiii 
of  the  eye,  is  seen,  but  tbe  parasite  ha«  an  independeut  peristaltic  uoUoo. 
and  at  times  exhibits  a  curious  iridescence  on  its  surface.  Occasionally 
the  little  biad  Jer-likv  fimn  will  tlirust  out  its  head,  when  the  characterisnc 
ijuailrate  form  witli  itH  suctorial  pores  and  ihe  construction  of  the  Dect, 
leaver  no  doubt  aa  to  the  diagnosis.  Recker  records  a  case  in  which 
the  point  of  entrance  through  which  the  animal  worked  its  way  into 
the  vitreous  could  be  observeil,  Jaeger  has  given  a  masterlv  picture  M 
a  cyslicercus  whilst  it  remained  partly  iinhedded  in  the  retina,  Btditt 
has  reported  a  case  in  which  two  cvsticerci  were  found  in  one  eye. 

The  diagnosis  of  vitreouD  opacitie-t  with  the  eye-mirror  ia  usaajlr 
easy.  Ordinarily,  they  are  betit  studied  by  the  upright  image  m'tba 
strong  magnifyiiig'glass  placed  behind  tbe  hole  in  the  mirror.  Portbosr 
which  lie  immediately  behind  tbe  lens,  a  convex  epberical  lend  of  H" 
to  six  diopters'  strength  should  be  employed.  Weaker  lonaea  em  be 
osfld  for  those  that  lie  deeper.  If  fine  dust-Iiko  opacities  be  present  id 
the  vitruoutt,  a  maguilier  ia  nut  only  needed,  but  a  weak-lij^ht  airrar 
must  be  employed  u>  appreciate  them  properly.  Dense  iipadtiee  cu 
sometimes  be  best  seen  with  the  strong  light  of  the  inverted  image. 
taking  cure  to  hold  the  condensing  tens  first  near  the  eye,  and  thta 
gradually  to  withdraw  it  until  the  inverted  image  of  the  edge  of  tbe 

Supil  is  obtained.     By  this  means,  the  entire  thickness  of  the  vitremi 
umor  can  be  explored. 

In  case  of  fluid  vitreoua  caused  by  lotig-standiug  and  chronic  disease 
of  the  chorioid  or  ciliary  body,  little  can  be  expected  from  treatmeat 
In  acute  forms,  which  are  accompanied  by  mflammation,  bowovef, 
depletory  and  alterative  mcMures,  with  rest  of  both  eyee,  will  frequently 
acconiplish  a  great  deal. 

Even  in  desperate  c&ies,  either  chronic  or  acute,  where  there  hu 
been  a  recent  and  sudden  increase  of  the  opacities,  remedies  ahould  be 
given  a  fair  trial,  as  frequently,  considerable  improvement  will  resalt 
When  there  is  ciliary  injection,  without  increase  ol  tension.  atrupiiM 
should  he  Instilled,  hlooil  taken  from  the  temple,  and  the  patient  pal 
under  the  influence  of  some  preparation  of  mercury,  or  of  mercury  ia 
combination  with  iodide  of  potassium.  In  more  chronic  caaea,  where 
the  patient  is  not  too  feeble,  he  should  be  put  to  bed,  and  given  eithff 
fluid  extract  of  jaborandi  by  the  rectum,  or  muriate  of  pilocarpine  hj 
subcutaneous  injection,  in  doses  that  are  suflicient  to  cause  profiw 
sweating.  Later,  when  the  patient  is  permitted  to  go  about,  benefit 
may  be  derived  from  the  employment  of  Turkish  baths. 

■  Arcbivta  or  0piitiwliB9k«r.  voL  Ui.  |L  UQ. 


CHAPTER   XXIV. 

GLAUCOMA. 

Glaucoma  is  the  name  given  to  n  group  of  eyc-svraptoms  that  is 
cliantcterizeii  by  periodiciil  obscurations  of  virion  and  a  ditninution  of 
the  range  of  accommodatiuii,  in  «-S90ciatinii  witli  im  increase  of  intra- 
ocular tension,  hiiziness  of  the  cornea,  dihitation  of  tlie  pupil,  pericor- 
neal vcTiou)!  injection,  fulness  of  the  anterior  sclcrul  vcinn,  and  a  duU- 
purpliah  discoloration  that  is  situated  around  the  margin  of  the  cornea. 
At  times,  these  symplouis  are  accompanied  with  but  little  diacomfort 
heyond  the  graduul  loss  of  vision.  At  other  tinier,  they  are  Hsaociated 
with  an  agonizing  pain  in  the  eye  and  forehead      In  this  latter  type, 
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there  is  intense  va.icular  injection  of  the  conjunctiva  of  both  the  lids 
and  eyeball.  After  recurring  attacks,  permanent  contraction  of  the 
field  uf  vision,  witli  excavation  of  the  inlra-ucul&r  end  of  the  optic 
nen-e,  talced  place.  When  the  ilisea^e  has  lasted  for  a  long  time,  a 
degeneration  of  the  eyeball,  ending  in  atrophic  shrinking  of  the  globe, 
ensues.  Fig.  'i,\\  gives  a  view  of  the  ophthalmoscopic  appearances  of 
the  head  of  the  ojiLic  nerve  in  tliu  eye  of  a  »uveiity-lhr«e-vear-old 
female,  who  had  beini  hlitid  from  gULucoinii  for  ihren  ywirfl.  The  halo 
around  the  disk  and  the  appenranntrs  cau«od  by  the  pressure  of  the 
veaseU  against  the  edge  of  the  excavation,  are  well  shown.  Fig.  815 
Bhovs  a  (section  of  this  nerve  magoiRed  half  as  much  as  the  ophthalmo- 
scopic picture.    In  it,  the  tl»«ue  which  constituted  the  bead  of  the  nervf 
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enae  of  latrr  middle  life,  being  very  oxccptional  in  the  ,Young.  Out  of 
three  hundred  and  eighty-eight  patients  admitted  for  opemiion  for 
glaucoma,  in  s  period  of  ten  years,  at  Arlt'a  clinic,  in  Vienua,  ninety- 
uiree  were  hi-twcen  forty  and  fifty  yeiirn  of  age,  one  hundred  and 
twenty-nine  lietween  fifty  and  sixty,  one  Inindreil  and  ten  between 
sixty  and  seventy,  nmi  seventeen  orer  seventy.  Of  the  remnining 
tbirty-nine  under  forty'  jcara  of  ago,  thirty-four  irerc   found  to  be 
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between  thirty  and  forty  years,  four  between  twenty  and  thirty  years, 
and  one  wrw  aged  sixteen  yeans.  More  lately,  Priestley  Smith  has  pub- 
lished a  table  (Fijt.  81 G)  ahowing  the  frequency  of  primary  glaucoma 
at  different  life-period«.  From  this,  it  appears  that  this  form  of  the 
disease  is  most  fre(|uerii  in  the  decade  from  fifty-five  to  sixty-live  years, 
and  that  it  is  more  prevntcnt  in  females  at  any  age  than  it  ia  in  males. 

A  manifetit  hereditary  predisponiilioii  to  it  exists  in  many  families. 
By  moat  European  writcrH  it  is  asserted  to  be  more  frequent  in  some 
races,  notably  among  the  Jews.  Moura  hns  found  the  disease  at  Rio 
de  Janeiro  much  more  cmnmon  amonj;  the  negroes  than  among  the 
whites.  'ITic  eyes  affected  by  it  are  usuallj-  hypei-metropic.  The  feeble 
and  cachectic  are  more  liable  to  the  disease,  and  any  great  mental 
deprcsaion  predisposes  to  an  attack. 

Simple  glaucoma  {glaucoma  timptex)  in  some  cises  is  most  insidious 
in  its  onset.  Exccftt  temporary  ol^curations  of  sight,  slight  recurrent 
congestions  of  the  eyeball,  and  tendencies  to  see  rainbows  around  lights, 
there  is  nothing  to  alarm  the  patient.  Gradually,  however,  the  field  of 
vision  is  diminished,  n  halo  forms  around  the  tiptie  disk,  a  deep  and 
complete  excavation  of  the  head  of  the  nerve  is  produced,  and  sight 
slowly  vanishes,  never  to  return. 

Fig.  817  gives  a  cood  view  of  the  advanced  stage  of  this  form  of  the 
disease.     The  eyeball  is  represented  of  its  natural  size.      It  was  stony 
hani.     The  anterior  chamber  is  almost  obliter- 
ated.  The  iris  is  mach  atrophied,  and  the  head 
of  the  optic  nerve  shows  a  complete  and  charac- 
teristic excavation. 

Suh'itciitc  gfaueonta  (i/laucoma  subacutum). 
It  is  rare  to  have  the  whole  course  of  the  dis- 
ease pass  without  some  acute  or  subacute  in- 
flammatory exacerbii lions.  These,  which  are 
expressive  of  this  type  of  the  diaonso,  are 
accom[)anied  by  niarke<l  redness  of  the  eyes, 
intense  haze  of  the  cornea,  dilatation  of  the 

fupil,  and  great  hardne-ss  of  the  eyeball. 
)uring  the  attack,  there  is  severe  neuralgic 
[win  in  the  eye,  forehead,  and  temple,  which, 
at  times,  extends  to  the  side  of  the  nose  and  the  angle  of  the  jaw. 
The  attack,  if  left  alone,  subsides,  and  vision  improves,  to  bo  followed, 
at  intervals  of  some  wepks  or  months,  by  another  seizure.  In  fact,  in 
all  its  foniis,  glaucoma  is  essentially  a  disease  of  remissions,  and  even 
patients  who  have  been  long  hltnii  from  it,  have  their  light  and  tlieir 
dark  days.     The  eye  is  always  better  after  sleep. 

Acute  glaucoma  {fftaueoma  acutujn,  glaucoma  fulminant).  In  rare 
cases,  where  previous  obscuration  of  the  field  of  vision  and  rainbows 
ajpouod  lights  have  either  not  existed  or  have  escaped  altcntiun,  the 
patient  is  suddenly  seized  witi)  agonizing  pain  in  the  eye,  temple,  and 
forehead.  This  is  accomp.inicd  by  congestion  of  the  conjunctiva,  slight 
swelliug  of  the  lids,  and  great  dimming  of  sight.  The  eyeball  becomee 
stony  harvl,  the  cornea  gets  steamy,  needle-_pricked,  and  anirsthetic. 
These  conditions  continue  until,  in  severe  cases,  a  single  attack  will  in  a 
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few  hours  entirely  destroy  vision.     Later,  a  condition  known  an  fflau- 
eomatoua  cataract  may  develop. 

If  an  eye  suflenng  frnni  acute  or  aub&cule  attack  of  gUucoma  he 
examiiieil  with  the  ophthalmoscope,  nnd  the  media  have  not  become 
Bufficicnliy  cloudy  either  to  prevent  or  to  materially  impair  a  view  of 
(he  fundiiB,  ic  will  be  frequently  seen  that  the  central  artery  markedly 
pulsates.  In  ca^na  wht^re  this  pulsation  is  not  present,  the  slightest 
preeaure  with  the  finger  on  the  tense  eyelmll  will  call  it  forth.  This 
phenomenon  is  due  to  the  fhct  thnt  the  increase*!  intra-oculnr  tension 
prevents  the  arterial  blood  from  enterinc  the  eye  except  during  the 
maximum  of  intnt-vnscuEar  pressure.  Tbe  veins  are  usually  tortuou 
and  enlarged.     In  some  cases,  there  are  eJctavaMtionsof  blood  into  the 
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retina.  After  repeated  attncks,  or  long  duration,  it  will  be  foundjthal 
the  vessels  in  the  head  of  the  nerve  have  altered  their  position,  and 
that  they  present  a  sharp  bend  at  the  edge  of  the  disk,  and  then  disap- 
pear from  sight,  to  reappear  generally  at  a  deeper  level.  Here  they 
penetrate  the  lamina  erihrosa  and  are  lost  to  view.  In  many  long- 
standing coBes  with  complete  excavaiiun  of  the  head  of  the  nerve,  the 
differences  of  level  between  the  bottom  of  the  excavation  and  the  eilge 
of  the  disk  i.^  80  great  iliiit,  while  the  vesaclB  in  the  retina,  before  they 
bend  over  the  edge  of  the  disik,  may  be  seen  cither  without  a  correct- 
ing lens  or  with  a  convex  glass  of  one  or  two  diopters'  strength,  they 
can  only  be  sharply  seen  at  tne  bottom  of  the  excavali'in  witli  a  concave 
glass  of  from  one  to  four  diopters.  In  most  cases,  except  those  of  very 
long  standing,  the  excavntions  arc  very  unequal  in  depth,  geuet^ 
ally  being  the  deepest  near  the  centre  or  in  the  neighborhooil  uf  the 
eutrtknce  of  the  veuti-al  vessels.  In  many  cases  of  commencing  glaa- 
coma,  and  in  all  cases  of  complete  glaucoma,  a  broad  yellowish  bttDd, 
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which  is  either  evenly  developed  on  all  sides,  or  extends  fiinhest  to  the 
temporal  side,  is  found  at  the  place  that  is  usually  occupied  by  the  sclernl 
ring,  and  beyond  it.  It  is  more  dense  and  pronounced  in  color  near  the 
disk,  and  is  fainter  and  tinged  red-browti  on  the  outer  side.  Fig.  813 
gives  a  life-like  representation  of  the  ophthalmoscopic  appearance  of  a 
marked  cave  of  chraiiic  glaucoiuu  which  oci^urrcd  in  the  eye  of  a  school- 
mistress aged  sixty-four,  who  had  been  afFected  hy  the  disease  for  two 
years.  In  this  instance,  the  halo  uround  the  disk  is  unusually  broad  and 
distinct.  Although  tlie  patient  ha<l  never  suflered  any  pain  in  the  eye, 
there  had  been  a  gradual  clouding  of  the  eight,  which  became  so  bad 
Uiat  alie  could  only  see  the  motions  of  the  hand  with  difficulty.  At  the 
time  of  examination,  and  for  some  months  afterward,  there  was  a  very 
marked  spontaneous  mrturial  pulse.  X^his  gradually  disappeared,  and 
could  only  be  calleii  forth  hy  pressure. 

In  the  earliest  stages  of  ghiucoina,  failure  of  accommodation,  causing 
a  rapid  and  irr^ular  increase  of  nny  existing  presbyopia,  is  generally 

and.  When  this  symptom  is  accompanied  by  occasional  elonding  of 
^^iflitMi,  or  by  a  ''sickly"  appearance  of  the  optic  disk  with  broadening 
'tb^wleral  ring,  this  symptom  should  alway.sarrest  attention. 

During  the  first,  or,  as  Arlt  terms  it,  tlie  congestive  stage  of  the 
diiwase,  fiiere  are  periodical  obscurations  of  vision,  which  become  less 
marked  and  sometimes  ilisappear  entirely  after  sleep.  Kjiinbowa  around 
lights  are  seen;  this  being  probably  due  to  clouding  of  the  media, 
principally  of  the  cornea.  As  foejil  illumination  of  the  cornea  shows  a 
marked  haze  which  is  densest  in  the  centre,  this  symptom  is  probably 
dependent  upon  disturbance  in  this  membrane.  Opacities  may  develop 
in  the  vitreous  hurnor.  There  may  also  he  haziness  of  the  aqucons 
humor,  as  ha*  beeu  demonstrated  by  Mauthner  and  others,  who  found 
that  the  incision  made  in  the  cornco-sclerul  junction  preliminary  bo 
iridectomy,  caused  the  eye  to  become  bright  and  clear.  The  haze  of 
the  cornea  rtjsembles  that  produced  hv  breathing  on  glass.  Exumina- 
,tion  with  a  magnifying-glass  shows  the  haze  to  be  uniform  and  not 
livable  into  minute  poinljj.  In  acut«  cases,  Kuuie  of  the  epithelial  cells 
are  shed,  and  the  corneal  surface  Mppeiir*  "needle-stuck." 

Total  or  partiftl  loss  of  the  scnHildlitv  of  the  cornea,  dependent  upon 
impaired  nutrition  of  the  membraue,  which  varies  greatly  in  different 
individuals,  may  involve  the  entire  area  or  isolated  portions. 

Venous  congestion  shows  iiaelf  mostly  in  the  dull-bluish  poricomeol 
sone  and  in  the  tortuosity  of  the  sub-eonjunctival  veins  which  emerge 
from^  the  sclera  in,  the  neighborhood  of  the  insertions  of  the  straight 
muscles  of  the  eve. 

Dilatiition  of  the  pupil  is  generally  irregularly  oval  in  outline,  ex- 
cept in  acute  cases  In  such  instances,  the  tissue  of  the  iris  is  at  times 
swollen  and  cloudy.  In  the  advanced  stages,  it  is  discolored  and  atro- 
phic. At  times,  the  iris  is  so  shrunken  as  to  form  a  bond,  which  in  some 
places  may  be  but  a  millimet(<r  in  width.  N'arrowing  of  the  anterior 
chamber  and  tlie  development  of  a  grr-cnish  reflex  from  the  pupil,  are 
well  marked  in  all  advanced  c.ijtes,  These  have  been  described  hv  Beer, 
Fischer,  and  many  of  the  older  writers  ;  the  first-named  author  giving 
admirable  colored  plates  of  tbese  conditions  and  of  glaucomatous  cataract. 
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Increase  of  tension,  though  alwava  present  in  tbe  ottscbs  of  aonte  and 
the  exacerbations  of  subacute  glaucoma,  is  oflen  ahseot  in  simple  ^au- 
comu.  It  varies  mucli  in  degree.  In  chronic  forms  of  llie  diaeMO,  it 
mmy  remain  materially  unchungal  for  many  we^s  at  a  time.  The  ball 
maj  be  stony  bard,  or  its  hardness  may  be  but  slighdy  increased.  Be- 
sides the  Hctuiil  increase  of  tension,  there  is  a  change  in  the  consisteDoo 
of  the  scleml  tissue.  This  becomes  rigid,  especiaify  in  old  and  goaty 
subjects,  and  seeois  at  times,  on  palpation,  t«  possess  more  or  lees  tJie 
texture  of  lough  pan^hment,  rather  than  the  pliant  suppleness  of  the 
healtliy  sclerotic.  The  author  recallo  h  case  of  the  absolute  form  of  thi^ 
diaetise,  with  the  development  of  caliiracl  occurring  afUT  an  acute  attack 
of  glaucoma,  in  which,  during  an  iridectomy  undertaken  to  alleviate  the 
intense  pain  in  and  around  the  blind  eye,  the  tissue  foirly  "cried" 
under  the  puncture  with  a  lauce-knife,  just  as  is  sometimes  found  on 
incising  dense  ei'irrhous  growths. 

Field  of  vi8ion  diminislies  hn  llie  disease  advances.  In  the  majority 
of  cases  there  is  some  goner.tl  contraction  in  the  fonn<fie1d.  which,  thoogh 
much  more  marked  to  the  nasal  side,  usually  has  its  greatest  loss  situated 
in  and  down.  At  a  later  stjige,  even  when  the  disease  has  attacked  the 
fixation-point,  the  field  still  shrinks  most  rapidlv  from  this  aide,  outil 
finally,  vision  exists  nnly  in  the  temporal  field.  While  these  statements 
hold  good  in  the  majority  of  cases,  many  marked  exceptions  are  found, 
central  vision  not  unfretiuenllv  being  attacked  before  any  great  leesen- 
iiig  of  the  field  is  manifest,  "in  cases  of  typical  contraction,  the  color- 
fields  retain  their  usual  relations  to  the  form-fields,  while  in  neuritic  and 
eBsential  atrophies,  the  color-fields  frequently  shritik  much  faster  than 
th«  form-fields.  La<tueur,  who  has  carefully  studied  this  subject,  informs 
us  that  he  lius  examined  the  fields  in  one  hundretl  and  seventy-five 
cases,  and  of  thwc,  fiftv-six  presented  nearly  normal  extent,  with  greatly 
diminished  central  vision.  Of  the  remaining  one  hundred  and  nineteen 
cases,  ten  showed  contraction  exclusively  in  the  temporal  field.  With 
one  exception,  central  vision  was  also  much  impaired.  Twenty-four 
c«BOS  exhibited  concentric  limitation  of  the  field,  which  in  some  instances 
was  so  great  as  to  muke  it  difficult  for  the  patients  to  get  about;  in  these 
central  vision  remained  fair  (e.  ^.,  3i'4).  Ninety-five  cases  showed  con- 
tmction  of  the  nasal  field,  the  greatest  shrinkage  being  at  times  situated 
in  ami  up,  and  sometime.<i  in  and  down. 

All  typical  glaucomatous  excavations  begin  ut  the  position  of  the 
scleral  ring,  where  the  vessels  are  sharply  bent  as  tliey  dip  into  the  ex- 
cavation. Beyond  thi?.  there  is  a  broad  whiti.'sh-yellow  band,  which  is 
described  as  the  glaucomatous  halo.  Where  central  vision  remains  fair, 
while  the  cap  appears  to  bo  complete,  it  must  be  concluded,  with  Mauth- 
ner,  that,  owing  to  the  diaphanousness  of  the  nerve-fibres,  the  extent  of 
the  excavation  is  overestimated.  It  always  extends  to  the  scleral  ring. 
In  cases  whwe  it  is  incomplete,  and  is  taking  place  in  eyes  where  there 
is  already  a  physiological  excavation,  a  most  instructive  picture  is  ob- 
tained. Here,  b3  shown  in  Fig.  310,  the  double  bend  of  the  central 
vessels— one  at  the  scleral  ring  aud  a  second  in  the  head  of  the  nerve  at 
the  edge  of  the  physiological  excavation — can  bo  plainly  seen. 

The  double  excavation  here  shown,  occurred  in  the  ere  of  a  dar- 
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laborer,  ngeJ  fift^'-five  years,  who  was  affected  with  subacute  gliiucoma. 
Seven  months  previounly,  nller  severe  headache,  most  marked  in  the 
forehead,  which  lasterl  eight  dftvs,  and  was  accompanied  bv  flashing  of 
light,  his  vision  rapidly  failed,  so  that  nt  the  time  of  examiaation.  all 
perception  of  lijjjlit  waa  I031.  In  many  cases  of  incipient  glaucoma,  be- 
fore the  excavation  fairly  commences,  a  dull  red-gray  clouding  of  the 
hcud  of  the  nerve,  followed  by  a  rijiUi(th,  waxy  trans piirency  of  it.s  tlRdue, 
u  found.    In  such  instancea,  it  in  very  difficult  to  be  sure  when  the 
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^GIBUDOInatoul  cxmvaU'm  tnitliut  plx-e  la  un  optic  ucrve  wllb  a  i>briJolvi|[V»l  excaTstlon. 
(Jaboeo.) 

ezcAVktion  first  makes  its  appearance,  and  it  is  only  by  most  careful 
fltadr  of  the  line  bnmchea  of  the  retinal  vessels  that  run  over  the  tem- 

■  poral  aide  of  the  rliHk,  that  the  diagnosis  can  be  made  certain.  Where 
I  there  is  incipient  opacity  of  the  lens,  or  haniness  of  the  cornea,  it  he* 
comes  impossible  to  diagnosticate  an  excavation  in  its  early  stages.  For 
several  days  or  weeks,  the  head  of  the  nerve  and  the  liimina  cribrosa  may 
retain  a  considerable  degree  of  resiliency.  Further,  there  are  cases 
recorded  by  competent  ohservers^  in  wliich  a  glauciimatnus  cup  of  from 
three  to  four  diopters  in  depth,  in  iuiid  to  have  filled  out.  and  the  head 
of  the  nerve  to  have  regained  its  normal  level  after  iridectomy.     Itk 
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CASfti  of  hcmorrh»}>ic  gluucomn,  ihe  excavation  may  be  filliNl  with 
blooU'Clot.  ImineJiatety  to  t)i«  ouuide  of  tlie  »cl<>rBl  ring,  a  ^ellowuffa* 
white  banO,  ^hich  is  generully  (l^n<ter  and  more  intentie  in  color  at  its 
inner  part,  and  at  times  sliefitly  stippled,  and  of  yellowish-brown  hoe 
at  its  outer  part,  is  found.  i>omfliiiieH.  tbis  is  nearly  uniforcu  in  breadth 
all  arounil  the  disk.  Oi^ener,  liowever,  it  is  broader  to  tbe  temporal 
side,  and  at  time*,  may  be  developed  at  this  point  only. 

Hemorrhagic  glaucoma ;  QlAueoma  h<tmorrhagicitm ;  &taucoma 
apopleHii-um.  According  to  Laqueur,'  this  form  occurs  in  a.bout  three 
per  cent,  of  all  CHse»  of  the  disease  (seven  cases  out  of  two  hundred  and 
sixty-eight),    Whether  the  retinal  and  vitreous  hemorrhages  are  looked 
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upon  as  the  early  symptoms  of  the  disease,  or,  as  most  writers  asseri, 
that  they  are  the  ottist.-  of  the  glaucomatous  outbreak,  this  form  of  the 
aSectioD  descrvoe  special  uttuntion  upon  account  of  its  clinical  impor- 
tance, and  from  the  fact  that  iridectomy  usually  Bula  to  give  relief,  and 
even  hastens  the  loss  of  sight.  As  noted  by  Coccius  and  Pagenstecbcr, 
the  increased  pressure  aTKlLlip  ciliary  neuralgia  may  occur  in  from  two 
to  five  days  after  the  rctinnl  hf-morrhagrs,  but.,  as  Von  firaefe  -<utys,  they 
ordinarily  develop  from  four  to  ten  weeks  later.  The  hemorrhagic  ex- 
travasations may  appear  either  with  the  !<ymptoms  of  acute  glaoooma, 
or  with  but  slight  indications  of  iuflammution.  The  attack  is  geuerally 
accompnnied,  or  followed  within  a  few  weeks,  by  hemorrhagic  retinitis 
in  the  fcUow-eyc.  This  may  not,  however,  be  associated  with  any 
decidtsi  rise  of  intra-oculiir  tensiou.  In  such  cases,  ciliary  neuralgia 
is  usually  severe 

Steondarif  glaucoma ;  Qlauvoma  $«fonJarium.     Where,  after  any 
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of  tbe  eye,  or  operatioo  upon  it,  there  is  a  pernaanent  rise  of 
inbu-ocular  pressure,  with  diminution  o(  the  field  of  vision  and  exeava- 
tioD  of  the  iutra-ocular  cud  of  the  optic  iiervo,  secondary  glaucoma  is 
nid  to  exist  Its  most  frequent  causes  arc  protabcraat  coroenl  cica- 
trices, with  anterior  synechia ;  complete  circular  posterior  synechia ; 
serous  iritis  and  cyclitie;  tninmiitic  cataract  wlien  there  is  excessive 
ind  rapid  swelling  of  the  lens  ;  and  partial  dislocation  of  the  lena,  which 
is  either  congeaital  or  acquired.  The  disease  being  produced  by  some 
lesion  of  one  eye,  is  limited  to  it,  nnd,  unlike  spontaneous  glaucoma. 
there  is  no  increase  of  tension  in  the  ether.  In  most  of  the  lesions 
I  shove  enumerated,  the  irritation  cniit^I  by  them  in  the  iris  and  ciliary 
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Section  of  ilcepitnii  Irrogiilar  {taucomatoiii  eic^vallon. 

rtrocesses,  seems  to  produce  hypersecretion  and  increase  of  intra-ocular 
^tension,  which,  in  some  instaucca,  is  doubtless  aided  by  a  stoppage  of  tbe 
spacea  of  Fontaiia,  with  consequent  hindrance  to  the  escape  of  lymph 
from  the  [>eripher)'  of  the  anterior  chamber.  In  most  cases  of  Intra- 
ocular tumor,  there  is  also  some  period  of  the  growth,  at  wliicli  irritation 
and  hyperRecrctinn  nf  the  chorioid  nnd  the  iris,  with  ohstmction  of  the 
filtration  angle,  produce  ghiacomatous  symptoms.  Figs.  :J20  and  !321  are 
from  photograpiw  of  a  section  of  an  eye  that  was  affected  with  secondary 
glaucoma  auperveuing  after  -j.  pL-ripberic  linear  o|]entlion  for  cataract. 
Fig.  320  gives  a  view  of  tho  inflammatory  changes  in  the  ciliary  pro- 
cesses, the  closure  of  tbe  filtmtion-angle,  the  entanglement  of  the  stump 
of  the  iris  in  the  wound,  and  tlie  extensive  cystoid  cicatrix.  Fig.  321 
shows  a  view  of  a  section  of  the  deep  and  irregular  glaucomatous  ex- 
cavation in  tbe  head  of  the  optic  nerve. 

I      During  an  attack  of  glaucoma  the  cornea  becomes  unicsthetic  and 

'lazy,  looking  at  times  like  glass  which  bos  been  breathed  upon.  Again, 

from  shedding  of  the  aupt-rfieiul  epithcUut  scales,  it  may  appear  as  if 
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needle-Stuck.  This  haze  is  deoseet  at  tlie  centre,  and  is  not  resolvable 
into  distinct  t>ninttt  by  tlie  magnifying-glMH.  According  to  Fucbs.'  this 
con(]ition  is  due  to  an  nedema  r>f  ttie  cornea  which  is  most  pronounced 
between  the  anterior  epithelium  and  IJowman's  metnbraoe. 

Owing  to  n  forwarfl  protrusion  of  the  lens  and  iris,  and  to  tlie  con- 
tact of  the  tatter  with  the  cornea  at  its  periphery,  the  anterior  chamber 
is  ordinarily  very  shallow.     In  some  caaea,  howevcri  there  is  a  de^en- 
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ing  of  the  anterior  chamber.  In  such  instances,  there  is  generally 
serous  iritis  with  precipitates  on  the  membrane  of  Desoemet,  the  iru 
being  usually  congested  and  the  pupil  scmi-dilatcd.  In  acute  caae«,  this 
dilatation  is  tolerably  regular.  lu  chrctnic  oue»,  how  ever,  where,  there  have 
been  n-peated  subacute  attacks  or  where  ihorc  has  been  a  long  preced- 
ing period  of  glaucoma  almplex,  tlie  loydriaflis.  owing  to  a  partial 
atrophy  of  parts  of  the  iris  struotore,  is  irregular.  In  time,  the  entire 
iris  may  become  so  atrophic  that  no  pupillary  reaction  can  be  obtained. 
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In  the  early  stages  of  the  disease,  the  pupil  can  be  reodily  still  further 
dilated  by  mydriatic?,  or  contracted  by  the  energetic  u»e  of  myotics. 

Fig.  322  rvprcaeuts  a  section  thmugli  lliecorneo-acleral  junction  and 
adjacent  parts  in  an  eye  with  secondary  glftucoma.  It  shows  how  the 
ha»e  of  the  iris  and  the  pectinate  ligutnetit  are  pressed  against  the 
oomea  at  the  periphery  of  the  anterior  chamber,  and  how  the  Bltraiion- 
nngle  i.4  thus  closed, 

rig.  •ii'i  shows  a  section  through  the  same  region  of  a  hcaltliy  eye. 
It  is  given  here  to  exhibit  at  a  glance  the  great  chango»  whi<;h  have 
taken  pUce  in  the  section  of  the  glaucomatous  eye  reproduced  in  the 
previous  figure. 
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The  lens  ie  pushed  forward,  hut  rarely  becomes  opaque,  except  in 
long-atanding  ca«0B,  where  oxtensivo  degeneration  of  the  ciliary  pro- 
cessed and  chorioid  liaa  taken  place.  A»  glaucoma  is  pre-eminently  n 
dietesse  of  middle  life  and  old  age,  coininencing  opiicity  of  the  lens  is 
founil,  which,  in  many  inHtances,  probably  pre-existed  when  the 
began.  Priestley  Smith  has  shown  that  the  equatorial  diameter 
]e  lens  is  frequently  increased  in  glaucomatous  eyes. 

Owing  to  the  clouding  of  the  cornea,  the  »ta.te  of  the  vitreous  humor 
is  diflinulc  to  study  during  life.  Skilled  observvre,  like  Oraefe  and 
Arit,  maintain  thut  they  have  Rccn  vitreous  opacities,  while  others 
with  extensive  opportunities  for  observation,  such  as  Schweiggcr  and 
Schnabel,  deny  tlieir  existence.  Autopsies  of  such  cases  by  Arlt, 
however,  show  that  they  are  sometiinea  present.  The  fiict  aJao  that 
shrinking  of  the  anterior  part  of  the  vitreous,  with  detachment  of  the 
retina,  is  found  in  sotae  advanced  cases  of  the  disease,  makes  their 
previous  presence  probable. 

In  many  cises  of  acute  glaucoma.,  when  seen  at  the  beginning  of  the 
attack,  there  is  no  excavation  of  the  head  of  the  optic  nerve.     In 
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advanocd  CMea  of  the  disease,  however,  there  U  a  complete  oxcaTStion, 
the  fibrea  previously  occupying  that  space  having  oridergone  atrophy, 
jwd  their  remnants  being  pressed  biickwiinl  a^iini^t  the  lamina  cribrosB 
id  the  sides  of  the  cavity.     The  bottom  of  the  excavation   is  irrego- 

rly  concave,  and  is  oflen  deepest  at  the  poiut  of  entraoce  of  the 
ccnirot  vessels.  In  fact,  u  bulj^tng  backward  of  the  lamina  cribrosa  ia 
not  iTifrei[uerit  even  in  cases  where  tliere  is  only  a  pertial  excnvalioD 
nnd  where  the  hoail  of  the  nerve  still  contains  consiuerahlc  masses  of 
nerve-fibre.  The  central  retinal  ve.sRels  iiHiinlly  branch  so  as  to  ap- 
proach the  nasal  side  of  the  disk,  and  are  therefore  appUe4l  against  this 
wall  of  the  excavation.  The  pushing  back  of  the  head  of  the  nerve 
and  of  the  lamina  cribrosa,  causes  atrophy  of  the  zone  of  anastomosing 
arteries  at  the  periphery  of  iho  optic  nerve.  This  degeneration  causing 
interference  with  circulation  in  the  tissue-area  supplied  by  these  vesiseU, 
probably  accounts  for  the  glaucomatous  halo  and  the  subsequent  atrophy 
of  the  chorioid  in  this  region. 

The  changes  in  the  ciliary  proce»i<4e8  and  the  chorioid,  are  found  to 
bo  vcrv  similar  in  character  to  those  in  the  iris  which  have  been  already 
described,  namely,  congestion  followed  by  slight  exudation  of  lymph- 
coqiuscles,  and  later,  atrophy  and  wasting  of  the  tissues.  According 
to  Arlt,  at  times,  there  »re  secondary  cliatiges  in  the  uveal  tract  which 
are  caused  hy  a  shrinking  of  the  sclerotic  coat  on  the  vorticose  veins 
and  lymph-obannels  which  ensheitth  and  accompany  them. 

As  has  been  shown  by  Magni,  the  ciliary  nerves  are  frequently  atro- 
phied. In  fact,  they  are  often  considerably  degenerated  in  eyes  which 
still  retain  fiiir  vision.  The  sclerotic  has  its  tissue  condensed  and  its 
intra-fuscicular  spaces  narrowed.  In  many  instances,  areas  of  fiittv 
degeneration  and  deposits  of  |ilmtiplmte  of  lime  are  found.  There  is 
congestion  of  the  vessels  which  dip  into  its  anterior  part  and  the 
episcleral  vcEselfi  around  the  cornea. 

The  theories  of  the  origin  ofglaucomj].  arcKO  namerous  and  so  varied 
as  to  present  a  true  labyrinth,  with  innumerable  paths  leading  in  dif* 
ferent  directions.  In  the  main,  they  mny  be  divided  into  three  classee: 
fim,  those  theories  which  see  in  glaucoma  an  evidence  of  primary 
nerve-disturbance,  leading  to  increased  intra-ocular  secretion,  which  in 
a  certain  number  of  cases  is  followed  by  inHammaCory  symptoms; 
second,  those  theories  in  which  the  condition  is  looked  npon  as  a  me- 
chanical result  consisting  in  an  interference  with  the  normal  e;;ress  of 
fluids  from  the  eye.  cither  by  a  narrowing  of  the  spaces  of  Poniana 
which  prevents  proper  drainage  at  the  periphery  of  the  anterior  cbsm- 
ber,  or  by  a  diminution  nf  tlie  lymph-  and  blood-exits  where  the  vortj* 
cose  veins  perforate  the  sclerotic  (thus  regarding  all  inSaromatoiy 
STmptoms  as  secondary  to  such  interference  with  the  circulation) ;  and 
thiru,  those  theories  which  regard  the  process  as  a  low-grade  serous 
chorioiditis,  in  which  stoppage  of  the  spaces  of  Fontana  or  of  the  vor< 
tiooae  veins  with  tlieir  surrounding  lymph'cbannels,  is  looked  upon  as 
an  accident  that  occurs  as  a  sequence  of  the  primary  chorioidtl  inflam- 
maliou. 

As  regards  the  cjiusation  of  the  two  most  prominent  symptoms,  viz., 
tJie  incrMLsed  intra-ocular  pre«$ure  and  the  excavation  of  the  head  of 
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tbe  optic  uerve,  it  is  evident  that  there  are  two  possibilities-  The  io- 
creoseil  tension  migtii  be  produced  either  by  a  nnrrowing  of  the  blood- 
and  lymph- out  lets,  with  «  normal  supply  of  fluids,  or  by  rh  increased 
Accrctioa  of  iutra-ocular  tluidji  while  the  cfTcrcnt  (i^hannols  remain  nor* 
mal.  The  excavation  of  the  intra-ocular  end  of  the  optic  nerve,  in 
like  manner,  might  be  prudnced  frutn  increaueii  pretMure  with  normal 
resistance  on  the  part  of  Its  tissue^*,  or  from  normal  pressHre  accom- 
pFinied  by  pjithological  softening  of  the  lamina  cribrosa  and  tbe  head  of 
(he  nen-e.  It  is  also  evident,  that  althoagh  the  absolutoatrophy  of  the 
nerve-fibres  in  the  head  of  the  nerve,  which  is  found  in  cases  of  long- 
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Standing  glancoma,  wonM  necessarily  produce  blindness  by  cutting  off 

all  communication  between  the  retioal  rods  and  con««  and  the  brain- 
centrea.yct  ntvertheleas,  this  cannot  be  the  cause  of  blindness  in  cases  of 
acat«  glaucoma,  as  here  serious  impairment  or  absolute  loss  of  eyesight 
is  found  before  the  excavation  of  tlic  head  of  the  nerve  has  occurred,  or 
still  oftuner,  before  the  cuppin;^  has  become  complete.  In  snch  caaw, 
the  diuiinution  of  sight  »nd  the  contraction  of  the  nastLl  field,  must  be 
due  either  to  a  starvation  of  the  rctiiiii  that  ia  dependent  upon  pressure 
interfering  witli  conduction  of  blood  to  it,  or  to  some  change  that  aBucta 
the  function  of  the  rods  and  cones. 

That  increase  of  intra-ocular  pressure  is  often  caused  by  obstruction 
of  the  spaces  of  Fontana  has  been  abundantly  proved  by  Knica'  and 
by  Weber.'    The  experiments  of  Scholar,'  in  which  increase  of  prea- 
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,  contraction  of  the 
run  iioir  the  fixatioii- 
li»hfd  after  the  opomtiuri. 
tatliiir  liaving  operatctJ  on, 
—JTr  man^'  months  as  good  aa 
,^«i8  Bppareiilly  arr««t<S;  thin 
id  of  vision  sh»wcd  contruution 
.iiint  of  fixation  before  operation, 
glaucoma  are  much  less  reliable. 
of  the  nerve  progreaMS.  iho  excava- 
iUy  diminishes.     Liifortunately,  more- 
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sure  wad  obtained  b;,-  bums  of  tlie  comco-scleral  JunctioQ  in  nUibits, 
and  tlie  Hlalement  of  Muoreri,*  that  he  has  rreijuentlj  seen  glaucoma 
produced  by  barns  of  the  ciliary  r^ion  in  man,  point  in  the  Bame  direc- 
tion. Fig.  321  represents  a  section  through  a  gbucomatoiu  eye  in 
which  there  was  an  excavatJon  of  the  optic  nerve,  and  narrowing  of  the 
anterior  chamber,  with  closure  of  tlie  fiUmtion  angle.  Fig.  3l!o,  from 
the  same  case,  shows  the  awollon  and  congested  ciliary  processes  which 
have  piuiheil  the  irin  against  the  pectinuto  ligament  and  the  eoniea. 
Weher  and  Priestley  Smith  tliink  tliut  the  6  It  ration -angle  is  usually 
closed  liy  this  meclmniHrn,  while  Rindmcher  ami  others  suppose  that 
local  inflammatory  processes  in  the  pectinate  ligament  around  the  canal 
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of  Schlemm.  are  the  main  cauaes  of  the  infiltration.  On  the  other 
hand,  it  has  been  abundantly  proved  by  Pngenatecher,  Brailcy^  and 
Priestley  Smith,  that  many  caaea  of  glaucoma  occur  in  which  the  spaces 
of  Fontana  arc  patulous  and  tho  anterior  chamber  is  deep.  Fig.  326 
flbows  a  glaucomutous  eye  with  deep  excavation  of  the  nerve,  deep  ante- 
rior chamber,  and  widely  opened  filtration-angle.  In  the  clinical  history 
of  the  caae,  it  is  noted  that  high  tension  supervene'!  during  the  couree 
of  a  serous  cyclitis.  Priestley  Smith  considers  that  filtration  is  retarded 
by  serosity  of  the  aqiiooTin  liiimor  in  such  cases,  thus  causing  thi;*  fluid 
to  pass  more  slowly  through  the  nnimal  tis-tues  at  the  filtration -angle. 

Farther,  the  experiments  of  Leber^  and  Exner,''  of  ligaturing  one  or 
more  of  the  vorticose  veins,  show  a  prompt  and  marked  increiutc  of  intrtr 
ocular  tension,  thua  authorizing  the  inference  that  either  shrinking 
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of  tlie  aclera]  canal  through  which  the  veeBcls  make  their  escape  from 
the  eye,  or  atheroma  or  thrombosis  of  the  vessel-walls,  would  readily 
cause  increase  of  intra-ocular  ti-naion.  In  either  ciise,  whether  due  to 
stoppage  of  the  nutcrior  or  of  ibo  [>ORtenor  lymiili  iiml  hloud  channels, 
it  can  bo  seen  that  any  cause,  cither  mental  or  phyitical.thiit  would  pro- 
duce a  relaxing  effect  on  the  sympathetic  Der%'e.  would  increase  the 
circulation  in  the  ciliary  veasela  and  exudation  from  them,  and  thus,  by 
making  still  greater  demands  on  the  already-narrowed  channels  of  exit, 
temporarily  augment  the  increased  intra-ocular  tension. 

The  rtilc  played  by  the  nervous  system  in  the  increase  of  the  intra- 
ocular pressure  iu  man  la  not  well  understood  Mooren,'  however, 
relates  an  interesting  cit-so  of  double  glaucoma,  with  a  ^^ubHcqueni  attack 
of  interstitial  keratitis,  which  whs  apparently  produced  by  a  myelitis  of 
the  spinal  cord  near  the  junction  of  the  cervical  and  dorsal  ponions. 
In  this  case,  the  glnucomntouB  condition  was  cured  by  an  indectomy 
which  waa  auppletueuted  by  the  use  of  mercurial  inuiictious.  He  states 
that  he  has  aecti  four  other  somewhat  similar  ctuies.  Magni  ha£  pointed 
out  the  frec|nency  of  degeneration  of  the  ciliary  nerves  in  glaucoma, 
lie  has  also  proved  by  autopsy,  that  there  may  be  marked  atrophy  of 
several  of  these  nerves  in  eyes  which,  although  unmistakably  glaucoma- 
tous, could  still  be  used  to  see  &ne  print. 

Tliat  local  dogenenitive  proce«aesa  of  the  head  of  the  optic  nerve  have 
much  to  do  with  the  formation  of  the  characteristic  glaucomatous  cup, 
haft  been  pointed  out  by  Mooreu — a  (act  that  will  be  readily  grauteil  by 
every  attentive  student  of  eye-grounds  where  the  disease  is  in  its  iucipi- 
enoj.  In  such  cases,  a.  slight  haze  of  the  disk,  and,  later,  a  semi- 
transparent  waxy  fippoarancc  of  the  tissue  composing  it,  are  often  seen. 
These  appearances  seem  to  have  beeu  fully  appreciated  by  Graofe,  when 
he  speaks  of  "mriiLurusis  with  excavation  of  the  optic  nerve,"  and  by 
•Jaeger,  when  he  deicribcs  '*  gkucomatoui*  degenemtinn  of  the  optie 
nerve."  Mooren'  declares  that  the  cupping  cannot  be  the  direct  conse- 
queuce  of  pressure,  as  there  are  numerous  recorded  observations  m 
which,  in  spite  of  the  grenlest  possible  increase  in  pressure,  no  excava- 
tion formed.  Moreover,  he  says  thnt  ho  has  seen  other  cases  "  unnum- 
bered times,"  where  there  was  no  cup  at  the  time  of  operation,  but, 
nevertheless,  an  excavation  formed  after  the  lapse  of  months  or  vears, 
in  spite  ofn  successful  iridectomy  which  rcbulteil  in  a  permanent  lower- 
ing of  the  intra-ocular  tension. 

In  conscr|uenco  of  degenerative  chauges  in  the  cornea,  which  are 
smctimes  owing  to  the  formation  of  a.  structureless  membrane  that  is 
Btween  the  epithelium  and  Bowman's  membrane,  the  cornea 
uiue  after  repeated  attacks  of  acute  or  auhacutc  glaucoma, 
large  bullae  appwir  on  the  cornea,  their  development  being 
often  accompanied  by  severe  pa,in.  The  iris  undergoes  degener».tion, 
this  usually  first  appearing  at  some  point  of  its  periphery,  causing  the 
pupil  to  become  irregularly  ovoid.  The  iris-tissue  appears  bluish-gray, 
and  at  times,  loses  it^  fibrillation  and  becomes  semi-transparent  in  places. 
Later,  the  entire  iris  shrinks  and  atrophies,  so  that  a  rim  of  it  can  be 
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bui-cly  r(H!ognized  at  the  peripheral  margin  of  the  iuit«rior  ebamba. 
Arlt  hus  potnte<.l  out  that  where  stuphvloma  of  the  Bclem  ocean,  it  is 
often  fouml  in  the  same  meritJiim  in  which  the  greatest  atroph^r  uf  tKe 
iris  and  iltlatation  of  the  pnpil  preTioufilv  existed.  In  this  stage  of  th* 
disease,  bluish  cnlorgetnents  at  the  exit  of  the  vorticose  veins  are  ^^eo- 
crhlly  found.  More  rarely,  local  thinning  of  the  sclerotic,  with  atajAy- 
loiUHtous  projections  in  the  equ&toriHl  r^ion.  is  present.  In  thiastafie 
of  the  (lixease,  a  deep  and  cfiuiplcle  excavation  of  the  head  of  the  opDc 
nerve — usmilly  ampullifonn,  or  broader  posteriorly  than  at  tlic  sclerotic 
level — with  abnolute  atrophy  of  the  nerve-fibretf  and  bulging  backwarl 
of  the  lamina  cribrosa,  18  found. 

Treatment  in  acute  glaucoma  consists  in  the  prompt  performaoct  of 
a  broad  nnd  peripheral  iridectomy,  this  being  the  most  reliable  netas 
of  alleviating  the  pain  and  restoring  the  ey««ight.  Mauthner  and 
Snellen  ait^ort  that  a  sclerotomy,  even  in  acutfl  attacks,  yields  just  u 
favorable  resulti.  In  rach  critical  conditions,  however,  the  author  Iiai 
always  preferred  to  practise  that  operation  whose  value  has  been  prottd 
in  the  tlioui^ands  of  cases  tliat  have  fallen  into  the  hands  of  opbthaliiiic 
surgeons  in  iitl  qimrters  of  the  globe.  Moreover,  in  bia  jadgmeot, 
sclerotomy  is  far  from  having  had  so  complct*  a  trial.  Ovriog  to  tlie 
clouding  of  the  cornea  nnd  the  narrowing  of  the  anterior  chamber  la 
such  cases,  either  operation  ia  difficult  of  performance,  rendering  it  best 
ttt  times  to  iristil  a  four-groin  solution  of  esertne  into  the  conjunctini 
sac,  and  to  wait  for  twenty-fonr  hour.«,  until  the  chamber  has  become 
deeper,  before  attempting  any  operative  procedure.  In  Bubacoto  exaoer- 
bations  of  the  chronic  form  of  the  disease,  iridectomy  also  gives  exc 
lent  results.  In  acute  cases,  a  restoration  of  good  vision  luajbeexpc 
In  the  subacute  attacks  of  chronic  coses,  vision  as  good  as  that  which 
W08  enjoyed  before  the  exacerbation,  may  usually  bo  looked  for.  In  any 
ease,  care  should  be  Uiken  to  see  that  the  cut  edges  of  the  iris  are  jirop- 
erly  replaced,  and  that  they  are  not  entangled  in  the  wound.  Our 
endeavors  to  do  this  may  be  much  aided  by  the  tree  use  of  escrine,  botb 
previous  and  subsequent  to  the  operation.  Where  the  wound  i\a\a 
promptly  without  entanglement  of  the  iris,  the  anterior  chamber  soon 
become);  dociwr,  the  modin  become  cliiirer,  and  vision  improves,  time 
changes  often  bettering  for  some  weeks  after  the  operation.  Frequently, 
such  eyes  remain  quiet  and  retain  their  sight  for  years.  In  some  case5, 
however,  the  wound  does  not  utiite  for  several  ilays  after  the  operation, 
and  when  it  does  heal,  there  is  apt  to  be  an  incarceration  of  the  iris  and 
ft  cystoid  cicatrix  with  a  recurrence  of  the  symptoms.  Where  tension 
does  not  promptly  subside  at  the  time  of  the  opening  of  the  anterior 
chamber,  so-called  maiiynatit  i/laucinttti  h  said  to  be  present.  In  sudi 
a  case,  it  is  certain  that  there  has  bwin  a  hemorrhage  in  the  ini«riorof 
the  eye  whictThaa  resulted  from  rupture  of^ome  of  the  chorioidal 
vessels  whose  walls  have  been  weakened  by  degenerative  proconcs. 
Sometimes,  the  blood  collects  between  the  chorioid  and  sclerotic.  In  bad 
cases,  it  may  be  in  sufficient  quantity  to  flow  out  of  the  wound.  Even 
ophtlialratc  surgeon  has  seen  such  cases.  One  of  the  saddest  is  thai 
recorded  by  Arlt.  in  which,  after  the  operation  had  failed  in  one  eye,th« 
other  eye,  which  hi'came  attacked  a  yetir  later,  followed  the  same  coarac. 
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in  spite  of  all  post^ible  preciiiitions  during  ltd  trcA.tmcnt  That  slight 
heinorrhages  from  the  snrlflen  relaxation  of  prefuiiro  on  the  weakened 

valle  of  the  reseels,  are  nut  infrequent,  its  evideQced  hy  thoKC  which  are 
occasionally  seen  in  the  retina  nfter  a  sucoossful  iridectornir.  It  ia  also 
well  known  that  tlurinj:  and  after  iridectomy  for  glaucoma,  hemorrhage 
into  the  anterior  ehiunlii^r  is  more  likely  t4)  occur  than  af^er  a  similar 
operation  made  to  moct  other  indications.  Both  Mauthncr  and  Schwcig- 
ger  einphasixe  the  fact  tlmt  in  eome  rare  cases,  an  unaccountnhle  deterio- 
ration of  the  vision,  which  ie  not  due  to  the  aHtiginatisin  produced  by  the 
wouml,  or  to  any  other  demonstrable  cause,  appears  after  apparently 
successful  iridectomies  for  glaucoma. 

nd.asi. 


Ucalris  In  Iridvctoni}'. 


It  hu  also  been  fnund  th»t  wliere  tliciti  i^  marked  onntrnction  of  the 
field  of  vision,  and  wlicn  tbe  limits  <>{  tl>c  fudd  run  nenr  the  fixation- 
point,  central  vision,  at  times,  is  rapidly  extinguished  after  the  operation. 
This,  however,  is  not  always  the  case,  the  auflior  having  operated  on 
chronic  glaucoma  where  viiiion  remained  for  many  mouths  us  good  a& 
before  tnc  operation,  and  the  diseaKe  was  apparently  arre-atca;  this 
being  BO  in  spite  of  the  fact  that  the  fii^ld  of  vision  .showed  contraction 
to  a  daiigerou!«  proximity  with  the  point  of  tixation  before  operation. 
The  results  of  operation  in  simple  glaucoma  are  much  Ichs  reliable* 
Here,  too  frequently,  the  atrophy  of  the  nerve  progresses,  the  excava- 
tion increases,  and  vision  steadily  diminishes.     Lnfortunately,  more- 
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over,  innsmucli  us  escrine  and  pilocarpine  also  fail,  sacli  cssee  Bre,  m 
far  »a  at  present  known,  irremediable. 

Where,  owing  to  entangleinent  of  the  iris  In  the  wound,  the  op«r&tioD 
is  a  failure,  lliis  may  often  be  siiccessfilllv  correctc<i  by  tlic  performnnce 
of  a  second  iridectomy  immedialely  alongside  of  the  first.  Where  & 
fauUIefis  operation  fails  to  relieve  the  symptoms,  Baccess  may  soiuoiimi-s 
be  attained  by  tnaking  an  indectoiuv  diametrically  opposite  to  tlie 
firet. 

'J'ho  Hiatisiicii  of  Homer's  clinic  at  /firich,  oa  given  by  Sutzer/ 
probably  give  as  acKrurate  an  idea  of  the  efl'ect  of  iridectomy  in  glauconii 
as  any  now  posseaacd.     In   one  hundred   and  three   cases  of  atmjtle 

lucoma,  tweuly-tno  and  tliree-tentlis  per  cent,  showed  an  improve- 
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ment  in  vision  ;  in  tbirty-seven  per  cent,  vision  remained  the  snme  as 
before  the  opomtion  ;  in  twenty-three  and  three-tenths  per  cent,  ibwe 
was  fiiir  vision,  although  lt»  tlian  before  the  operation;  while  in  thir- 
teen and  six-tciuhs  per  cent,  there  waa,  in  spite  of  favorable  healing  of 
the  woond,  a  niwked  decline  in  vision.  lu  three  and  eigbth-tentlit 
per  cent,  there  was  absolute  loss  of  sight.  On  the  other  band,  out  of 
one  hundred  9"'^  forty-nine  cnaes  of  inflammatory  glaucoma,  seventy- 
two  and  om»-butf  per  cent,  showed  an  improvement  in  vision;  in  eleven 
and  one-half  per  cent,  the  pri^vious  degree  of  sight  remainetl  unaltereil ; 
iu  ten  and  onc-tenih  ])er  cent,  virion  was  impaired  to  a  alight  degree; 
while  in  four  and  cight-one-liundretha  per  cent,  an  immediate  diminution 
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of  si^ht  followed  the  operation.     In  two  and  two-one-hundredths  per 
cent.  th*re  waa  a  subswiueiit  decline  hi  visual  acuity. 

Sclerotomy  ia  usually  peri'oniied  hy  the  method  ifeycrihedhy  Wecker. 
A  narrow  knife  is  entered  in  the  comeivscleral  junction,  and  thrast  out 
at  a  simiUr  point  od  the  other  side  of  the  anterior  chamber,  the  in- 
ciaion  bcinji  mode  as  if  an  cxtmction  of  cataract  with  large  scleral  flap 
were  intenaed,  except  that  the  cut  ia  not  completed,  thus  leaving  a  large,, 
undivideil  bridge.  Figs.  327  and  328  show  the  |}ositions  of  the  cicatrices^ 
in  an  iridectomy  and  a  sclerotomy  as  performed  by  Wecker's  method. 

The  operatioD  of  Bclerotomy  has  been  used  mainly  by  the  author  and 
many  others  in  chronic  or  subacute  cases,  and  is  of^cn  successful  in 
reducing  intra-ocular  tension.  To  prevent  prolapse  of  the  iris  in  the 
wound,  eaerjno  should  always  be  used  freely,  both  before  and  after  the 
operation.  Some  surgeons,  as  Quaglino  and  Snellen,  who  have  ex- 
teoeivety  practised  sclerotomy,  prefer  to  perform  it  witli  a  broad  lauce- 
Bhaped  knife,  making  the  incision  as  if  for  iridectomy.  In  fact,  it 
should  always  be  remembered  that  when  iridectomy  is  properly  per- 
formed, it  includes  a  sclerotomy,  and  that  the  real  question  is,  whether 
excision  of  a  part  of  the  iris  is  necessary  to  the  anccess  of  the  opera- 
tion. In  chronic  cases,  wliuro  the  tissue  of  the  iris  has  undergone 
Atrophy,  it  h  a  notorioim  fact  that  irideeiDmy  is  unaucceai^ful,  atbd  the 
hcjit  is  probably  done  for  the  patient  by  limiting  the  operation  to  a 
C<reful  sclerotomy.  Mouren  bas^iven  warning  that  in  cases  with  marked 
concentric  contraction  of  the  field  of  vision,  and  in  which  there  is 
alkamin  in  the  urine  from  Bright's  disease,  serous  iritis  is  likely  to 
follow  the  performanco  of  iridectomy. 


CHAPTER   XXV. 

AFFECrrONS  OP  THE  EYE-MUSCLES, 

WuBN  any  pair  of  normal  eyes  in  a  state  of  health  look  tt  inr 
given  point,  the  visual  axes,  if  prolonged,  would  intersect  at  llut 
point.  Coikierfocntly,  tlic  point  thus  doubly  fixed,  has  ica  image  pro- 
jected OD  each  fovea  ceiitnihs,  and  its  sc«n  singly,  whilst  the  images  of 
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all  other  objects  are  oriiinarlly  disregarded  by  the  brain-centres,  and 
are  thus  habitunllv  suppressed.  If  experiment  is  made,  however,  by 
holding  a  pen'u  point  about  twelve  iiicUeg  in  front  of  the  face,  and  a 
candle  is  huL  a  few  feet  beyond  this  in  the  same  line,  two  candles  will 
be  seen  when  the  pen-poitit  in  looked  at,  and  two  pcn-poinis  when  th« 
candle  is  looked  at,  when  the  eyes  are  converged  firet  for  the  one  and 
then  for  the  other.  Consequently,  owing  to  the  habitaat  suppression  of 
peripheral  double  images,  by  reason  of  the  dutness  of  perception  through' 
out  the  retina  except  in  the  macular  region,  and  to  the  constant  cliiinffeB 
in  the  direction  of  the  visual  axes,  it  will  be  found  difficult,  except  under 
favorable  conditions,  to  realize  this  physiological  double  vision.  On 
the  other  hnnd.  when,  owing  to  partial  or  cotnplet«  paralysis  of  one  of 
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the  extra-ocular  muscles,  all  efforts  fail  to  direct  the  visual  axis  of  the 
affected  eye  to  the  point  which  it  is  desired  to  look  at,  the  double 
images  thus  produced  become  very  annoying.  Id  these  circumstances, 
the  faulty  muscle  is  unable  to  pull  the  visual  axis  so  as  to  properly 
decussate  the  visual  axis  of  the  healthy  eye  at  the  point  of  view  in  the 
object  looked  at.  The  eye,  therefore,  lags,  and  the  retinal  image  of 
the  object,  instead  of  falling  on  the  fovea,  is  received  on  some  portion 
of  the  retina  that  is  situated  between  the  fovea  and  the  insertion  of  the 
antagonistic  muscle.  The  image  is,  therefore,  always  projected  toward 
the  side  of  the  paralyzed  muscle.  Thus,  in  parlilTsis  of  the  superior 
rectus  muscle,  the  image  is  formed  on  the  retina  below  the  fovea  and  is 
projected  upward  ;  while  in  paralysis  of  the  inferior  rectus  muscle,  the 
retinal  image,  being  above  the  fovea,  is  projected  downward.     In  case 
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of  paralysis  of  an  internal  rectus  muscle,  the  retinal  im^e  falls  to  the 
outside  of  the  fovea  and  is  projected  inward.  The  image,  being  thus 
seen  on  the  side  of  the  sound  eye,  is  said  to  be  crossed. 

In  Fig.  329  the  heavy  circles  representing  the  right  and  tbe  left  eye 
respectively,  with  their  lines  of  visual  projection,  distinctly  show  that 
the  internal  rectus  muscle  of  the  right  eye  ( — )  is  so  paralyzed,  that  the 
point  of  projection  of  its  false  image,  which  has  been  received  from  the 
true  object  too  far  to  the  temporal  side  of  the  retina,  is  crossed  to  the 
left  side.  This  is  further  shown  in  the  third  diagram,  which  gives  the 
combined  eyes. 

In  case  of  paralysis  of  an  external  rectus  muscle,  as  shown  in  Fig. 
330,  the  image  falls  on  the  median  side  of  the  fovea,  and  being  pro- 
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jected  outward,  is  Uius  seen  on  the  siile  as  the  paralyzed  eye.  ITiia 
form  of  diplopia  is  termed  homonymniw. 

So  far  as  the  app»reDt  position  of  the  object  is  concerned,  it  Is  indif- 
ferent whotlier  the  double  vision  is  obtainoil  by  the  deviation  of  one 
eye  when  using  toth  eye«,  or  wlietlier  double  vision  is  ptwinced  in  one 
eye  by  covering  une-hntf  of  the  pupil  with  a  prism.  Should  the  prism 
be  used  in  the  latter  manner,  double  ^-islon  can  be  produoeil  in  any 
desired  direction  by  rotating  it,  and  causing  the  double  images  either 
to  come  cloae  together  or  to  get  farther  apart  by  varying  its  strength. 

Fig.  331  shows  how  the  deviation  which  any  given  prinn  will  pro- 
duce, can  be  readily  calculated.  Tukini;  the  rtnluced  eye  with  itji  twenty 
millimeter  axis  and  its  distance  <^f  fiftceri  millimeters  from  the  nodal 
point  K  to  the  fovea  F,  and  a  prism  with  deOecting  power  of  three  milli- 
meteraon  the  retinal  plnne^  we  have :  o  it,  the  desired  amount  of  deviation. 
is  to  X  P,  the  deflecting  power,  as  o  K,  the  distance  from  the  point  looked 
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at  (o),  18  to  K  F.  That  is,  if  o  k  equals  seventy-five  millimeters,  K  F 
eouals  fifteen  millimeters,  and  p  x  «<ju»Is  three  niilliiueters,  the  distance 
of  the  projected  double  images  (o  n)  fn»n  one  anotlier  will  be  fifteen 
millimetera.  If  these  lines  of  projection  he  continued  on  to  five  meters 
(five  thousand  mitlimeters),  this  being  the  ordinary  distance  employed 
in  prism-testing,  the  devintinn  will  be  increased  one  thousand  millimeterB 
or  one  meter. 

If  paralysis  of  the  external  eye-muscles  be  recent,  it  usually  causes 
sensations  of  dizziness  nnd  discomfort,  with  double  vision  when  at- 
tempts are  made  to  turn  the  eye  in  a  direction  which  would  bring  the 
paralyzed  muscle  ii)tri  action.  When  the  paralysis  is  either  complete 
or  is  of  high  grade,  it  frequently  produces  squint,  the  deviation  of  the 
visual  axes  becoming  more  marked  when  the  patient  is  made  to  fix  any 
object  which  is  moved  toward  the  aide  of  the  affected  muscle.  In  leaser 
degrees,  where  it  is  impossible  to  detect  any  deviation  of  the  optic  axes. 
it  may  be  noccssury  to  study  the  so-calle^l  soconilary  deviation  of  the 
sound  eye,  as  explained  on  pages  173  and  174,  to  discover  which  is 
the  parolyxed  muscle.  If  the  eye  under  the  covering-hand  remains 
quiet  during  this  experiment,  the  equilibrium  of  the  eye-muscles  is  per- 
fect. If  the  eyes  deviate  equally,  there  is  concomitant  squint.  If  tlie 
deviation  is  greater  in  one  eye,  there  is,  as  exphiined  on  page  174,  ■ 
paresis  of  one  muscle  in  the  eye  which  has  the  lesser  deviation.  This 
increased  deviation  at  once  enables  us  to  distinguish  the  healthy  from 
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the  fanlty  eye.  While  in  this  way  the  affected  muscle  mny  often  be 
delectcJ,  yet  in  order  to  form  an  accurate  diagnoais,  it  becomes  neces- 
sary in  many  instances,  to  resort  cither  to  the  more  delicate  tests  of  double 
vision  or  to  the  relative  positions  of  tlie  images  of  the  two  eyes  indifferent 
[>»rts  of  the  iield  of  virion,  as  deEcribed  in  full  in  Chapter  VI. 

Paraly»i»  of  the  »ixth  n*'ni»'  {t'ertun  extemut).  The  paralysis  of  the 
abducent  nerve  is  much  more  frequent  than  that  of  any  of  the  others 
supplying  the  external  mu3c!eB  of  the  eye.  When  permanent,  it  is  at 
times,  accompanied  by  affections  of  the  base  of  the  brain.  Especially  is 
thi3  an  if  aueh  nffeelions  are  locjit<;d  in  the  inidillc  fofisa  of  the  skull.  In 
such  initanccs,  it  i&  often  asaoeiated  with  paralysijt  of  the  facial  nerve  of 
the  Mme  side.  In  many  cases  of  the  nuclear  form,  pernianent  Ions  of 
power  also  remains.  The  transient  variety  is  often  designated  as  rheu- 
matic, although  it  ie  not  infrequently,  as  spoken  of  on  page  174.  an  early 
symptom  of  tabes  dor8alia,ond  of  j;eneral  paralysis  of  the  insane.  A 
temporary  form  of  it  is  often  encountered  in  patients  between  sixty  and 
seventy  years  of  age.  This  varictv  disappeiira  in  the  course  of  a  few 
tiionthft,  and  does  not  seem  to  be  followed  tiyany  marked  difttiirbance  of 
the  nervoHB  syatem.  At  limes,  this  form  of  the  disease  is  accom]iitnied 
by  retinal  hemorrhages. 

t^N^ol  and  (Iraax  have  described  a  variety  of  paralysis  of  the  sixth 
pair,  which  is  duo  to  an  affection  uf  the  Gtument  connecting  the  nucleus 
of  ihc  sixth  nerve  and  the  nucleus  of  the  third  norvc,  supplying  the 
internal  rectus  muscle  of  the  oppoaite  side.  In  this  form  of  the  disease, 
secondary  deviation  is  tnuoh  diminished,  producing  the  appearance  of 
an  ordinary  concomitant  conv&ryent  squint. 

In  marked  cases,  in  consequence  of  the  loss  nf  power  in  the  paralyzed 
muscle,  the  affected  eye  is  incapable  of  having  its  vortical  meridian 
carried  beyond  the  median  line.  If  eflortit  be  made  to  move  the  eye 
towfird  the  panilyxed  Hide,  the  only  result  will  be  that  the  superior  and 
the  inferior  oblique  muscle,  though  incnpable  of  exercising  sufficient 
simultaneous  innervation  to  roll  the  eye  outward,  will  cause  slight  up- 
ward and  <Iownward  rotations  of  the  globe  on  its  axis.  In  all  such 
cases  of  absolute  or  nearly  complete  paralysis,  there  is  n  marked  inward 
squint,  which  increases  in  profiortion  lui  the  sound  eye  is  called  to  Gx 
ohjccta  in  the  tcmponil  field  of  the  panilyzed  one. 

In  Fig.  332'  are  represented  the  positions  of  the  double  imngeil  in  a 
eaae  of  paralysis  of  the  external  rectus  muscle  of  tlie  right  eye  as  they 
would  be  seen  if  projected  on  the  blackboard  in  case  our  own  right  eye 
were  the  one  that  was  affectwl. 

This  diagram  shows  that  in  the  left  ficlil.  there  are  single  images  which 
become  double  at  or  near  ibe  centre  aud  farther  apart  as  the  patient 
nj(ive«  toward  the  side  of  the  panilyzed  muscle  in  the  right  field.  In 
the  liorixontal  meridian,  these  images  remain  at  the  wime  height  and  are 
parallel.     When  the  visunl  axes  are  directed  upward  and  outward,  or 

■  Inianb  Itirure.  Iba cwmumllvn  to'ou  nf  Qrajectlonarnaluiwn  ibrouRhoiil  Iho  entire  Tlnial> 
IMd  inMi.  acre  tas  mtiufiona  of  ihe  ptoiMllan-pnInu  b*TO  I-mh  tlmllarly  Bl»iw<t,  Ah  lli«  Im- 
UMfiMllw  rl^tejrDaMiniulalllwiiiiUTV*,  and  *U  Uimm  fliTlbE  li^n  vyvKtv  nnulufrriii'ironn  in 
flDHtA.  TtiflFemMned  imMftpotnu  ar«  eoTntxMod  <tf  cmtam  and  tk|uare«  in  Mirnliinntion .  In 
or^  to  BVnId  cnnAiClon.  iha  muitnlra  nf  tbit  rifiht  oro  key,  In  aU  thaw  ilMtclion,  ii«iiniPi1  tp  U) 
tbc  tttnictM  trntA.  In  MiRcttotu  at  ibc  len  eye,  <.1I  utat  li  neceuMT  to  do  In  lo  rerorw  tlie  rulw 
and  iliagtsnw  h^rv  ginu. 
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don-nwnrd  and  oatwaril,  Uie  image  of  the  paralyze*!  eve  is  do  looeer 
vertical.  It  also  shows  that  vhen  the  patient  lrw)ks  up  riDd  dot,  uk 
imago  of  iho  affected  ei^e  is  lower  than  that  of  the  aouad  one,  and  u 
tilted  so  that  its  upper  end  diverges  from  that  of  its  fellovr.  This  ia  m, 
because  the  sound  eye,  acting  uormalh-  under  the  influence  of  its  intenul 
rectus  muscle.  ii8  »iiperii»r  r^^tus  muscle,  and  its  inferior  oblique  mascK 
h«8  its  visual  axis  dirKticcd  properly  to  the  fixation- point,  and  is  thn 
rotated  upward  and  to  the  right;  the  upper  end  of  iu  vertical  uieridtai 
being  tilted  to  the  right.  The  affe<ted  right  eye.  however,  hariog  loH 
power  over  ita  external  rectus  muscle,  and  having  only  the  superior 
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rectus  muscle  and  the  inferior  oblir^ne  muscle  to  guide  it  upward 
outward,  goes  directly  upward,  thus  allowing  itd  vortical  meridii  _ 
remain  vertical.  The  ima^^o  of  the  fixation-point  therefore  falls  in  tfie 
upper  inner  quadrant  of  it«  retina,  and  consequently  is  seen  below  nod 
to  the  outside  of  the  image  that  is  projected  hy  the  sound  eye.  In  the 
lower  outer  field — that  is,  in  positions  to  the  right  of  the  affected  eye  and 
below  it — the  reverse  is  the  case.  Ueie  the  visual  axis  of  the  sound  eye, 
under  the  conjoint  action  of  its  internal  rectus,  its  inferior  rectiw,  and 
its  superior  oblique  muscles,  is  properly  directed  toward  the  fixatioo* 
point,  and  has  the  upper  end  of  iia  vertical  meridian  tilted  outward. 
whereas,  under  the  combined  influence  of  the  inferior  rectus  and  superior 
oblique  muscloa  alone,  the  vertical  meridian  of  the  aflectcd  eye  remains 
vertical,  causing  the  reunal  image  to  be  formed  in  the  lower  outer  qu*d- 
mnt  of  the  affected  eye  and  to  be  projected  higher  than  nonnul.  lo 
this  case,  the  upper  end  of  tlic  false  image  is  tilted  toward  the  upper  erni 
of  the  image  of  the  fellow-eye;  so  here,  just  as  inlookingobliquely  upwanl 
and  downward  with  sound  eyes,  the  image  of  any  vertical  object  fixed,  do 
longer  remains  parallel  to  the  vertical  meridian,  but  is  inclined  at  rarioas 
degrees  to  it.  Daily  experience,  however,  teaclies  that  cither  the  senso- 
rium  unbeeitatingly  r^;ards  the  images  as  in  their  true  position  or  that 
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there  are  correcting  motor  impulsea.  So  in  paralysis  of  the  eye-muscles, 
although  the  tilting  of  the  meridians  really  takes  place,  neverthelras 
the  image  of  the  sound  eye  is  regarded  as  the  standard,  and  the  tilted 
one  is  referred  to  the  paralyzed  eye. 

Fig.  332  also  shows  that  douhle  vision  does  not  commence  exactly  in 
the  centre  of  the  field  of  vision,  but  follows  a  line  which  is  nearer  the 
Tertical  meridian  above,  and  farther  from  it  below.  This  is  due  to  the 
fact  that  in  looking  up  at  distant  objects,  the  muscles  normally  used, 
cause  the  visual  axes  to  diverge  materially,  giving  the  antagonistic 
muscles  more  work  to  do,  thus  bringing  the  projected  images  more 
closely  together.  In  looking  downward,  however,  they  to  some  extent, 
cause  the  visual  axes  to  converge,  giving  the  antagonistic  muscles  less 
work  to  do,  and  thus  causing  the  projected  images  to  seem  farther 
apart.  In  addition,  it  must  be  remembered  that,  owing  to  the  great 
lessening  of  physiological  action  in  the  peripheral  part  of  the  retina  in 
which  these  images  rail  in  the  extreme  right  and  upward,  or  right  and 
downward  directions,  even  intelligent  patients  often  fail  to  perceive 
the  tilting  of  the  images. 

Paralysis  of  the  third  nerve.  The  third  nerve,  supplying  three  of 
the  straight  and  one  of  the  oblique  muscles  of  the  eye,  besides  innerva- 
ting the  ciliary  muscle  and  the  sphincter  muscle  of  the  iris,  may  give 
rise  to  most  varying  symptoms  in  its  affections. 

Owing  to  the  position  of  its  nucleus,  as  shown  on  pages  54  and  55, 
and  to  its  great  extent,  there  is  a  good  opportunity  for  proliferative  and 
pressure-changes  in  its  various  parts  to  cause  an  interference  with  the 
innervation  of  ite  muscles.  This  is  well  shown  by  the  consequent 
paralyses  of  the  separate  branches  of  the  nerve.  Moreover,  owing  to 
the  long  course  of  its  trunk  at  the  base  of  the  skull  and  in  the  orbit,  it 
is  very  easy  for  tumors  or  exudations  either  within  the  cranium  or  at 
the  sphenoidal  fissure,  to  give  rise  to  compression  that  is  sufficient  to 
cause  its  total  paralysis.  Where  palsy  of  the  third  nerve  occurs  with 
hemiplegia  of  the  opposite  side  of  the  body,  it  is  generally  produced  by 
pressure  on  the  nerve  where  it  passes  beneath  the  cerebral  peduncle. 
According  to  Nothnagel,^  this  localization  of  the  disease  is  still  more 
certain  when  paralysis  of  the  facial  and  hypoglossal  nerves  exists  on 
the  same  side  as  the  hemiplegia.  In  cases  of  hemiplegia,  transient 
associated  movements  of  the  eyes  and  head  are  often  found.  Prevost* 
says  that  the  lesion  in  such  cases  may  be  localized  in  accordance  with 
the  following  rules :  *'  I.  When  the  hemiplegic  looks  toward  his  lesion 
and  away  from  the  paralyzed  side,  the  lesion  is  hemispherical.  II.  If 
he  looks  toward  his  paralyzed  side,  the  lesion  is  situated  in  the 
mesencephalon."  Landouzy'and  Coingt*  assert  that  these  rules  are 
reversed  in  irritative  lesions. 

Double  third-pair  paralysis  is  rare.  It  may  be  produced  by  a 
growth  or  an  effusion  m  the  median  line  that  presses  on  both  nerves  as 
they  pass  under  the  peduncles. 

I  ToidBche  Diagnoatlb  der  G«hlmknnkhelt«n,  1979,  9. 198. 

'  De  1a  DtTlfttton  co^JngcMdet  Veiix  et  de  1&  RoUtloo  de  la  TSte  dam  certaiuB  cos  d'H^ml- 
pl^e.    Th«M  de  Farla.  ISBS.  p.  IM. 
■  Symptomefl  ocal&lrea  dam  lea  Maladfei  du  SysUme  Neireux  central.   Thise  de  Paris,  ISTS. 
*  DeaCoDTulelonietPanUysletU^esaaxMiDliiKO-enc^phaUtes  frontal-patli tales.  Paris,  1876. 
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Complete  paralym  of  the  third  nerv€  presents  «  striking  picture. 
The  skin  of  the  upper  lid  loses  it9  foldd.  Tbe  lid  falU  down  over  tke 
eye,  and  can  be  onlv  partly  nmeiJ  by  the  increased  action  of  tbe  iMScipito- 
frotiialis  luuscle.  M  hen  the  lid  is  lifted,  the  eye  is  generally  found  tctmed 
outward  imd  slightly  dowiiwnrd  ;  this  being  due  to  tbe  combined  iuflii- 
ence  of  tbe  external  rectus  nnd  the  superior  obli(|ue  muacles.  The 
action  of  the  latter  uiusule  in  rotuting  tbeueridiausoi  the  eye,  b«<niiM 
very  apparent,  wlicu  the  patient  is  made  to  endeavor  to  look  hrtha 
downward.  The  pupil  is  semi-dilated  and  immobile,  while  the  pawtrti 
aecommo<lation  im  entirely  tost. 

In  mnny  cases,  all  the  branches  are  notaflieoted.  When  tbe  paralysii 
has  been  caused  by  degenerative  chancres  in  the  nucleus  of  tbe  oerr* 
(eiateHor  ophthalmoplegia),  the  pupillary  and  the  ciliary  moselci  in 
especially  apt  to  escape. 
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Pknlyilt  of  t)i«  rl^lit  Intemnl  rectu*  inuwle.    (ModUhd  frun  SlAWiixnu} 


J*arafy»h  o/tfie  revtu*  inirrnue  is  one  of  ihe  niofit  freqaent  romaof 
third^nerve  pan\Iysi3.  When  marked  in  degree,  there  i.-*  a  slight  diver- 
gence of  the  visual  axes,  which  becotoe-t  greater  as  the  fixatiou-obJKt 
IS  curried  into  the  field  of  the  sound  eye.  If  the  paralyzed  eve  be 
forced  to  fix  by  covering  the  unaffected  eye,  there  will  be  mnrketl  te> 
ondary  deviation  of  the  good  eye.  Fig.  333  ahowa  the  positions  of  the 
double  images  in  a  case  of  paralysis  of  the  right  internal  rectus  mniicle. 
As  shown  by  tbe  combined  cross  and  siiuare,  there  is  single  visiou 
throiigboHt  the  right  poriion  of  the  field.  When  the  eyes  are  fixed  in 
the  primary  position  (vide  page  95),  th«  images  separat*^  and  remain 
upright  and  on  the  same  horiKontal  plane ;  the  image  of  the  right  or 
affected  eye  crossing  over  beyond  that  of  the  left  eye.  In  the  entire 
left  field,  the  images  get  further  apart.  Further,  owing  to  the  fact  ttut 
when  looking  upwanl  the  eye-axe-s  normally  diverge,  the  images  ar» 
situated  farther  apart  In  the  upper  field  and  begin  to  separate  before 
the  fixaiion-object  reaches  the  centre.  In  the  lower  field,  where  tbe 
visual  axes  normally  converge,  they  are  closer  together,  and  doable 
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Tiaion  begins  only  at  or  near  the  median  line.  In  tlie  left  upper  field, 
the  crossed  image  of  the  paralyzetl  eye  is  the  lower,  and  ha«  tt«  upper  end 
tilted  to  the  left.  This  i»  due  to  iho  fact  that,  owing  t<>  ilie  loss  of  the 
power  to  turn  the  cjc  inward,  when  the  affected  orgnn  looks  upward  to 
the  left,  iti)  vertical  meridian  remains  verttcni  under  the  iiiHuence  of  the 
superior  rectus  and  inferior  oblique  muscles,  the  upper  end  of  the  ver- 
tical  meridian  of  the  sound  eye  being  tilled  outward.  It  also  shows 
tliat  in  looking  below  and  to  the  loft,  the  cro9.scd  image  stands  liigber 
and  bos  ita  upper  end  tilted  to  the  right.  In  lliia  form  of  paralysis, 
the  bead  is  usually  turned  to  the  left,  bo  as  to  bring  the  objects  aa  much 
as  possible  into  the  right  half  of  the  visual  field.  This  is  done  in  order 
:  to  make  less  demands  upon  the  paralysed  muscle. 
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PBralf&li of  th«  r1|!lil  tiiperior  rectn*  tatMclc.    (Uodtfl^il  trom  MAmiKKa.) 


J'araluau  of  the  reetut  superior.  Here,  the  patients  complain  of 
doable  Tision  when  looking  upward,  the  bead  being  generally  thrown  far 
back,  in  order  to  fix  the  visual  axes  on  any  object  above  them.  The 
vertical  distance  between  the  doublw  images  iuL'rosises  as  the  fixation- 
object  is  carried  farther  into  the  upper  part  of  the  field,  and  the  patient 
will  hit  too  high  in  endeavoring  to  strike  the  object. 
^_  Kig.  8^i,  which  supposes  a  tolerably  complete  paralysis  of  the  supe- 
^KEior  rectus  muscle  of  the  right  eye,  shows  that  einule  vision  is  everywhere 
^^present  throughout  ihe  lower  part  of  the  field.  In  the  horizontal  meridian, 
the  images  are  eroA'sed  and  are  at  a  slightly  different  level.  In  the 
upper  part  of  tlic  field,  the  images  are  further  crossed,  and  there  is  a 
more  marked  difference  of  level ;  this  difl'ereiice  being  greater  in  the  right 
field  than  in  the  left.  At  the  vertical  meridian  and  to  tlie  left  of  it,  the 
image  of  the  affected  eye  is  tilted  so  that  its  upper  end  diverges  from 
that  of  the  sound  eye.  Further  examination  shows  that  the  double 
^mages  are  everywhere  crossed,  tliis  being  dependent  upon  the  fact  that. 
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owinjT  to  the  paralvBis  of  the  superior  rectus  muticle^  the  iafertor  oblique 
muscle  rolls  it  slightly  OHtwunl,  whilst  assistinj^  to  rnise  the  eye. 

In  complete  paralysis,  there  will  be  double  images  in  the  horizoDta] 
meridian,  because,  owing  to  loss  of  power  in  the  paralyzed  muBcle.  the 
tonic  contraction  of  the  inferior  rectus  muscle,  even  vrhiUt  in  theprimar}' 
position,  pulls  the  oyeali^hlly  downward.  Above  the  horizoutal  line,  the 
verticil  difl'erence  of  level  is  greater  in  looking  to  the  right  than  it  is  in 
looking  to  the  left.  This  is  so.  because  in  the  former  position,  the  pnr- 
alyzcd  uiuscle,  having  nonunily  the  greater  influence  in  rolling  the  right 
eye  upward,  lags  behind.     Further,  the  double  images  are  not  parallel, 
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the  crossed  image  of  the  affected  eye  diverging  at  the  top.  Thii  iT 
owing  to  the  fact  that  the  cornea  of  the  paralyzed  eye  is  rolled  up  and 
out  hy  the  inferior  oblique  muscle  in  attempting  to  elevate  the  eye.  If 
the  sound  eye  be  covered,  when  the  paralyzed  one  attempts  to  fix  an 
object  slightly  above  the  horiisonial  Hue,  a  marked  secondary  deviation 
of  the  sound  eye  upward  will  he  produced. 

Paraltfm  of  the  rectug  inferior.  This  form  is  extremely  annoying, 
the  patient  holding  his  hea^d  down  and  tilted  toward  the  side  of  the  boin 
on  which  tlie  parulyiscd  muscle  is  situated,  thus  causing  him  to  stumble 
in  walking.  Kspeciully  is  this  so  in  going  up  and  down  stairs.  Here, 
double  images  are  found  throughout  the  lower  portion  of  the  field,  the 
image  of  tlie  paralyzed  eve  being  the  lowest.  It  is  also  crossed,  and  its 
upjwr  end  is  lilted  towiinl  the  image  of  the  sound  eye.  Fig.  385,  repre- 
senting paralysis  of  the  right  inferior  rectus  muscle,  shows  the  position  of 
the  double  images  in  the  different  portions  of  the  field.  In  the  right  field,  j 
they  are  situated  farthest  apart  vertically.  This  is  so,  becansc  in  this 
position,  the  intlucncu  of  the  [niretic  muscle  in  rolling  the  «ye  downward 
IS  greatest,  and  the  BUpcrtor  oblique  muscle  tilts  the  vertical  meridiaii  • 
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iiTranl  (i.  e.,  (o  the  lefi)^  cnusing  the  upper  edge  of  iU  projected  image 
,D  point  to  the  right. 

Paralvtia  of  Oie  cbliquut  inferior  is  one  of  tlie  rarest  of  eye  affec- 
tions. It  is  doubtful  whetlier  it  is  ever  encomilereil  without  involve- 
ment of  the  otlier  eye-muacles  that  are  supplied  by  the  third  nerve. 
Mautbner  reports  a  traumatic  case  which  foUowea  an  injury-  to  the 
muBcIc  during  on  operation  on  the  orbit.  As  the  muscle  rotates  the  eye 
upward  and  outward,  ite  paralrsis  causes  homonymous donble  images  in 
the  upper  [mrt  of  the  field.  "These  have  their  greatest  vertical  distance 
in  the  median  part  of  the  field,  where  the  influence  of  the  muscle  in 
rolling  the  eye  upward  is  the  greatest.   This  is  well  shown  in  Fig.  336. 
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FmnlyUaorUH)  rlsbtlnfodnr  oblique  luoscle.    (Hodided  from  MatrTB>'cit.] 

Parait/n*  of  the  levator  palpelTo;,  like  that  of  the  inferior  oblique 
muscle,  is  almoat  invarinhly  ai!.sociutcd  witli  panilyses  of  other  branches 
of  the  third  pair.  When  it  occurs  singly,  it  is  probably  due  to  some  affec- 
tion of  the  nucleus  of  the  third  pair.  According  to  (irussot,  ho^vcver, 
it  may  be  cortical  in  origin,  the  lesion  being  located  in  the  parietiil  lobe 
in  advance  of  the  anguhir  gyrus. 

Paralyaie  of  the  sphincter  pupilhr.  and  of  the  ntns'mlm  rih'iirig 
{Ophlhalmopieifia  interna)  is  usnn.liy  made  evident  by  an  inabilily  of  the 
patient  to  focus  properly  for  any  form  of  near-work,  and  by  partial 
nilatation  of  the  pupil.  The  power  of  accommodation  is  either  greatly 
lessened  or  ia  lost,  and  the  movements  of  the  irides  mru  e.xtremely  slug- 
gish. In  such  instances,  ptipillury  enlargement  never  reachen  nU  rmixi- 
mum,  and  can  always  be  increinsed  by  infttillation  of  a  mydiiatic.  In 
cases  of  nuclear  pamlysis,  these  muscles  often  escape.  As  miglit  be 
expected  from  the  location  of  the  nucleus  of  the  internal  rectus  muscle 
just  behind  the  nuclei  for  pupillary  motions  and  accommudatioa, 
mralyses  of  these  nnisclc-groupings  arc  often  aasociated.  In  gray 
degeneration  of  the  poiterior  column  of  the  spinal  cord,  and  probably 
in  some  cases  of   nuclear   disease,   the   pupil,  altht?ugli    oontn 
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■tigoglT  TTttti  convergence  of  the  eye-axes,  often  faiU  to  rcspoiKl  to 
B^t-Btimulus  oD  ibc  retina.  8uch  pupils,  which  arc  knoivn  oa  Argyll- 
JMerttoH,  caiinot  b«  fullv  dilate*^  by  even  repeated  in»ti)Ution  of  the 
most  [wwerful  mydriatics.  After  diphtheria,  especi:illy  of  the  fauces, 
there  i.<i  often  a  temporary  pianily<)i8  of  tlie  ciliary  muscles,  which  pre- 
vents any  employment  of  the  eyes  for  near-work.  Here,  the  sphincter 
muscle  of  the  pupil  is  osually  but  little  alfected.  The  parulyais  gen- 
erally pasaes  off  under  tonic  treatment  as  the  patient  gels  stronger. 

NotwitliDtaiiiliiig  the  viisl  ma&.<i  of  material  written  on  the  changes  iu 
the  pupil  AH  a  part  of  general  ttymptomatolog}*,  hoth  in  ancient  and  in 
modem  literature,  most  perplexing  confusion  iind  contradiction  exist. 
This  is  partly  due  to  imperfect  knowleHge  of  the  anatomy  of  the  brain, 
to  the  great  difficulty  of  accurately  estimating  pupillary  changes,  and 
to  lack  of  a  proper  system  of  observation.  Ordinarily,  the  data  have 
been  hastily  compiled,  without  a  minntc  statement  of  concotuitant  ayiop- 
toms  or  of  the  stage  of  the  diseaj^o  iu  which  they  were  developed. 
Moreover,  they  often  have  been  made  without  proper  meaiui  for  illumi- 
nating the  pupil  or  without  nny  apparatus  for  correctly  magnifying  and 
observing  the  motions  of  the  iris.  Again,  the  lack  ot  knowledge  of  the 
more  common  aourots  of  error,  such  as  a  difference  in  the  siae  of  the 
pupilii,  owing  to  individual  peculiarities  in  the  i-efraction  of  the  two  eyea, 
pupillary  irregidarity,  and  impairment  of  iris-movement  from  posterior 
synechia,  witli  the  presence  of  other  intra-ocul&r  changes,  have  in 
mnnr  instances,  invalidated  the  results. 

Ni/MtaffinuM  is  a  term  that  is  applied  to  an  involuntary  oscillatory  or 
rotary  motion  of  tlte  eyeballs.  The  oscillatory  movements  are  due  to  rapid 
tthernate  contractions  of  one  pair  of  the  straight  muscles.  The  rotary, 
which  lake  place  around  the  axis  of  the  oblique  muscles,  ai-e  due  either 
to  (hu  action  of  the  oblique  muscles  alone  or  to  a  oombinatiun  of  their 
action  with  that  of  the  straight  mu.icles.  The  horixontAl  fnrm  is  the 
more  common.  The  vertical  variety  is  nre.  The  condition  may  be 
citber  congenital  or  ftci{uired,  the  latter  form  being  the  more  frequent. 
The  congenital  form  is  geuendly  accompanied  either  with  cataract  or 
with  imperfect  development  nf  the  optic  nerve  and  the  retina.  It  is 
also  frequently  associated  with  albinism  and  typical  pigmentary  degen- 
eration of  the  retina.  The  acquired  form  often  develop*  iu  tlie  first  few 
months  of  life,  where,  by  reason  of  corneal  opacities  tliat  result  from 
ophthalmia  neonatorum,  efforts  to  see  are  hindered. 

The  nystagmus  that  is  observed  among  coul-ininers  Is  one  of  the  most 
interesting  of  the  flXTrjuired  forms.  At  first,  the  lights  in  the  mines  and 
other  objects  on  which  the  miners  fix  their  attention,  begin  to  dance, 
these  mnvuments  ceasing  when  work  is  quiiti'd  and  when  the  meo  come 
up  into  the  fresh  air.  If  work  be  persisted  in,  the  nystagmus  becomes 
permanent.  The  motions  are  usually  lateral,  but  at  times,  they  are 
rotary,  causing  the  miner  to  see  a  circle  of  light.  The  affection  is  prob- 
ably duo  to  the  fatigue  of  the  eye  and  its  nerve-centres  in  the  endeavor 
to  see  in  a  dim  light,  and  to  the  stniini-d  position  which  the  miner  is 
obliged  to  maintain.  Perhaps  the  enfeeblcment  of  the  nerve-centres  by 
the  action  of  fire  damp,  aids  in  the  production  of  the  condition. 

In  any  form  of  nystagmus,  the  motions  gencndly  hocouic  more  rapid 
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HvlieD  the  ejea  are  used  for  near-work.  It  is  not  infrequent  to  obwrve 
"  jot  Rvstaginii;  movcmcnt&rwhcQ  fcoblc  pacienls,  without  unv  wt'H- 
ned  dtsease  of  the  norvous  sjBtcm,  arc  oxnmincd  by  the  ophtbalmo- 
8Cop«.  Id  some  very  rar«  cases,  the  condition  may  be  produced  at  will. 
Charcot  e&y^  that  it  is  a  valuable  symplom  of  disseminate  sclerusis,  it 
being  present  in  about  one-half  of  gncli  cases.  According  to  Ilammoml, 
it  may  precede  all  other  symptoms  for  the  period  of  a  year.  The  former 
observer  states  that  it  is  exceptional  in  locomotor  atjixio.  It  is  said  to 
occasionally  accompany  Meniere's  disease  and  severe  purulent  otitis. 
H  Paralffgit  of  ihf  ftmrth  iierre  {Paruh/M*  of  the  obliqutui  superior  or 
^^trochlgarit)  is  much  lesfl  frer^uent  than  that  of  the  sixth  and  the 
thinl  nerves.  N'ery  frequently,  tJie  ileviatiou  of  ibe  eye  is  so  alij^ht  that 
the  lesion  cannot  be  detected  except  by  subjective  examination  of  the 
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behavior  of  the  doable  images.  If  it  can  be  determined  by  outward 
inspection  alone,  this  may  be  accompliflhed  by  noticing  the  secondary 
deviation  of  the  sound  eye  downward  ami  inward  when  the  pamlyaed 
eye  is  force<i  to  fix  by  covering  the  giod  eye.  Fig.  337  shows  the  posi- 
tion of  the  double  images  in  various  parts  of  the  held.  Here,  there  ia 
single  vision  in  the  upper  part,  with  homonymous  double  images  in  the 
horizontal  meridian.  Below  this  luller  situation,  they  ac<|uiru  a  vertical 
distance  which  is  greater  i/>ward  the  h^ft  side  (median  line).  The  image 
of  the  paralyzed  eye  is  tilted  toward  that  of  its  fellow  in  the  right  field, 
■where  the  action  of  the  paralyzed  muscle,  in  rotation  of  the  eyeball,  is 
normally  the  greatest  Owing  t«  this  paralysis,  the  inferior  rectus 
muscle  will  have  greater  play,  causing  the  vertical  meridian  uf  the 
affected  eye  to  roll  outward,  and  to  diverge  from  its  fellow  above,  thus 
making  the  retinal  images  appear  to  converge  at  their  upper  ends. 
Upon  account  of  the  double  imager  it  produced  in  the  lower  field,  pm*- 
aljais  of  this  muscle  is  exceedingly  confusing  to  the  patient.      U  is 
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to  be  distingaisbtxl  from  paralysis  of  tlie  inferior  rectos  mitscle  hv  chc 
flict  thftt  in  palsT  of  the  superior  ob1i(|U«  muscle,  tlie  double  imaga 
liavo  their  grmtest  vertical  dUbince  a[>art  wIiod  the  fixation-object  is 
curried  toward  the  median  line,  while  in  paralyftis  of  the  inferior  tmiiu 
muaele,  tbe  greatest  verticiil  deviation  of  the  images  is  in  the  ODtvr 
lower  field  of  the  affet^ted  eye. 

Parah/sU  of  the  uventh  nerve.  As  the  innen-ation  of  the  flpbinclcr 
muscle  of  tbc  lids  depends  upon  the  Bicial  nerve,  paralysis  of  this  nerre 
may  exerciae  n  most  important  influence  on  the  eye. 

When  the  orbicularis  muscle  becomes  paretic,  its  nortnal  contnictwi 
during  steep  is  more  or  leBS  lost,  allowing  the  Icrator  of  the  lid  Co  pull  the 
fissure  of  the  lid?  »  tittle  open  by  itm  inherent  tonic  contraction.    Tbu 
action  perintt£  the  lower  lid  to  fall  from  its  own  weiglit,  thus  exposiugthe 
lower  portion  of  the  cornea  and  a  part  of  the  conjunctiva  to  the  air,  and 
allowing  them  to  dry  and  to  become  irritated  bv  dust.     Even  dariD* 
waking  hours,  the  same  condittonfi  may  be  produced  by  the  lewenH 
ability  of  the  muBcle  to  move,  thus  preventing  proper  waabing  and 
cleansing  of  the  or^n.   In  liigber  degrees  of  paralysis  of  the  orbicularis 
muscle,  tliese  symptoms  are  m  aggravated,  that  thcro  is  inability  lo  eloee 
the  lids,  with  a  decided  dnwping  of  the  lower  lid.     In  consojuenee,  a 
characteristic  localized  inflsmmation  of  the  cornea  or  of  the  oo^junctlTa 
raidily  ensues,  which,  if  neglected,  inuy  laid  w  severe  utcemtion  of  the 
cornea      Minor  degrees  of  paresis  of  the  orbicuJaria  muscle,  especially  in 
tkesenileform,  areeasily  recognized  by  the  presence  of  epiphora^  orihe 
tricltling  of  tears  over  ifie  cheek.  This  may  ensue  because  the  lower  lid  is 
no  longer  held  up  in  position,  and  there  is  a  want  of  action  of  that  portion 
of  the  muscle  (the  muscle  of  Homer)  which  normally  tends  to  empty 
the  upper  part  of  the  lacrymal  sac.     Paralysis  of  the  orbicularis  muscle 
does  not  prevent  the  levator  of  the  lid  from  proilucing  marked  variations 
in  the  siJie  of  the  palpebral  fissure.     This  is  owing  to  the  fact  tliat  the 
relaxation  of  the  levator  when  looking  down,  with  the  weight  of  the 
upper  lid,  causes  the  latier  to  partly  fall,  only  to  rise  again  through  the 
action  of  the  levator  when  the  patient  looks  upward.     Where  the  facial 
p»ralvsis  is  central  in  its  origin,  there  is  apt  to  be  an  impairment  of  the 
torn  of  taste.     In  these  cas«i,  the  ala  of  the  nose  is  not  affecU'-d.     On 
the  other  hand,  as  the  branch  of  the  vagus  which  supplies  the  ala  of  the 
noM  runs  cloee  to  the  stylo  mastoid  foramen,  thin  portion  of   the  face  is 
ofteD  implicated  in  paUies  of  the  fnciiil  nerve  that  are  due  to  peripheral 
4^Mea.     Where  the  palsy  is  dependent  upon  caries  of  the  petrous  nor- 
^Mflf  tlw  temporal  bone,  it  is  apt  to  be  accompanied  by  paresis  of  the 
'UVf*,  oMSius  au  impairment  of  bearing  upon  the  »ame  side. 

IWIWHW-  •""  A'/Kr»wiw./?>  rlemire.  qf  thr.  Itds.  is  frequently  found 

awl  eonjunctivHi  iifToctinhR.      Kspecially  is  this  so  in  the 

■  mieties     It  in  nisD   often   due   to   the  lodgment   of  a 

jA  ilie  conjunctival  sac  or  in  the  cornea.     In  these  caacs, 

\^  nArx  in  origin,  it  often  being  entirely  out  of  proportion 

scTcrityof  theconjunciivnioreonieal  disease.  Twitch- 

iiy^a**  F"^  '^^  general  or  ItM^  chorea  is  also  encountered. 

rsoiiitiw*-  *>^Jf  ^  fre<)uetitty  found  in  feeble  patients  with 
,  ^ru  ao  nioreit!  manifestations. 
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a  evident  from  tlie  foregoing  descriptions  of  tlie  symptoms  and 
causes  of  eye-paralysis,  that  prognosis  will  vary  in  different  casea.  As 
a  rote,  it  \b  aerious ;  so  much  bo,  in  fact,  that  it  becomes  s  duty,  if  the 
BlighWMt  trace  of  any  form  of  ocular  paresis  exists,  to  study  the  case 
carefully  in  the  minutest  detail.  While  some  of  the  paralyser  are  ttnn- 
porary,  beinK  due  to  rheumatic  affections  of  the  sheaths  of  the  nerves, 
or  to  some  slight  hemorrhiige  or  effusion  in  or  near  the  nuclei,  which 
may  eventually  disappear  wiiliout  leaving  any  traces,  nevertheless  even 
these  transient  paralyses  are  too  often  ihe  forerunners  of  serious  nerve 
disease,  such  as  locomotor  ataxia.  When  they  are  dependent  upon 
syphilitic  new  growth  or  thickening  of  the  membranes  at  the  base  of 
the  hrain,  or  to  exudation  accompanying  acute  basilar  meningitis,  rea- 
sonable hopets  for  improvement  under  trealuient  may  be  given.  Sarco- 
mata and  other  malignant  tumors  make  the  prognoHia  lethal. 

Treatment  varies  with  the  cause.  The  iodides  and  the  mercurials  are 
the  internal  remedies  which  usually  accouiplish  the  most  good.  In  some 
cases  of  nuclear  paralysis  duo  to  slight  degenerative  changes,  the  con- 
tinued employment  of  small  doses  of  bichloride  of  mercury  and  suitable 
tonics,  with  a  regulated  mode  of  life,  is  of  marked  ndvanUige.  There 
is  considerable  diversity  of  opinion  as  to  the  advantages  to  be  derived 
from  the  use  of  eltsctricity,  and  a«  to  the  proper  time  for  its  application. 
Bene<lict  and  many  other  electricians  have  ailvoeated  its  early  and  sys- 
tematic employment.  In  the  opinion  of  the  author,  electricity  is  best 
employed  in  cases  of  not  too  reoent  origin.  Here,  it  is  of  value  to 
stimulate  the  tiffectcd  muscle  during  convalescence,  and  thus  improve 
its  nutrition  and  increase  its  circulation  of  blood. 

Operations  to  remedy  any  annoying  diplopia  that  may  accompany 
paralyuis  of  the  external  eye-muscles,  are  usuallv  unsatisfactory.  They 
should  never  be  attempted  untU  sufficietkt  time  lias  elapsed  to  he  sure 
that  the  pnralyftia  is  not  a  transient  one  or  one  which  is  slowly  progres- 
sive. AiN  hen  the  loss  of  power  is  complete,  advancement  of  iho  para- 
lyzed muscle  and  division  of  its  antagonist,  are  useless,  as  thev  cannot 
supply  nerve-force  to  make  the  affected  muscle  work.  Further,  when 
tJie  (fegree  of  paralysis  is  a  changeable  quantity,  an  operation  which 
corrects  a  present  position  of  the  eye  will  soon  produce  either  too  great 
or  too  little  an  effect.  The  diphtheritic  form  of  paralysis  of  the  ciliary 
muscle  will  generally  diwijipcar  as  the  patient  gets  stronger.  The 
duration  of  the  affection,  however,  may  be  shortened  by  the  adminis- 
tration of  iron,  q[uinine,  and  strychnine.  Somt-times,  tiie  instillation 
of  a  weak  solution  of  €serine(j^  ad  f^)  into  the  conjunctival  sac  is  of 
advantage  to  slightly  stimulate  the  convalescent  muscle.  Blopharo- 
spa-im,  when  severe,  may  demanil  division  of  the  orbicularis  muscle, 
with  enlargement  of  the  fissure  of  the  lids  at  the  outer  caiithua. 

In  the  primary  pasition  of  the  eyee,  the  musclcri  whould  be  nearly  in 
a  state  of  physiological  rest.  If  they  arc  properly  balanced  in  power 
for  the  various  deviations  which  they  are  called  on  to  make  from  thia 

fio^ition,  single  vision  and  comfort  in  the  use  of  the  eyes  ensue.  It 
i-efjuently  occurs,  however,  that  one  of  the  eyes,  while  not  sufficiently 
weakened  to  vauBe  deviation  of  the  visual  axct^  with  di|do|iia,  in  able  to 
counterbalance  its  opponent  only  by  great  effort  and  greatly-increased 
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itiQervatioD.  Under  such  circumstauccs,  the  use  of  the  tyn  ia  mcooi- 
punied  with  heudache,  (lizxineiK.  antl  discoinrurl :  auti  if  work  he  fa- 
siMt'd  in,  there  will  he  hurtling  of  the  eyes,  with  a  blurring  »nd  orer- 
lappiiig  of  tliu  letters.  In  fact,  the  well-knowD  symptoms  of  moscuUr 
:iMtlieiiopiii  tunnifest  themselves.  Ac  times,  these  aymptoou  xdaj  bt 
quite  »$  severe  and  as  paiutul  a»  those  thut  ure  found  ia  any  fonu  o}*  u- 
thoQOpia  chat  has  hoen  caused  hy  ametropia.  If  such  a  patient  beraaile 
to  fix  his  visual  axes  upon  a  lighted  candle  at  the  lUiual  distance  at 
wbifb  the  test-lettera  are  placed  (lire  or  six  meters),  and  one  cvt  bt 
oovereii  by  the  Imml  or  n  piece  of  sliglitly-ground  ghiss,  as  expUintil 
on  page  169,  the  de-sire  for  hinocul»r  vision  will  be  removed,  and  Jkt 
coverea  eye  will  deviate  in  the  direction  of  the  opponent  of  thcfptbl« 
muscle.  Where  this  weaknesa  lies  in  either  the  internal  or  the  extet- 
iial  recLuft  musele,  even  though  it  is  too  slight  in  degree  to  be  notetl  by 
the  naked  eye.  It  hccomoa  readily  apparent  by  a  lateral  deviation  of  the 
test-object,  when  a  weak  prism,  wbicti  is  held  base  downward  hef>ire 
one  of  the  evem,  pro<hice8  vertical  diplopia.  If,  as  previously  aboim. 
there  be  e^mlihrium,  the  double  images  will  be  directly  vertical.  If, 
«wing  to  insufficiency  of  the  internal  recti,  there  ho  outward  deviatioa, 
crossed  diplopia  will  manifest  itself  If.  owing  to  insufficiency  of  the 
external  rectus  muscles,  tliere  he  inward  deviation,  homonymous  diplo- 
pia will  be  pre«eiit.  If  there  he  ininuHicicncy  in  the  superior  or  inferior 
rectus  muscles,  a  prism  held  with  its  base  down  alteruately  before 
«nch  eye,  will  cause  a  difference  of  level  in  the  vertical  images.  These 
ironges  will  be  nearer  together  when  the  direction  of  the  baae  of  the 
priMUi  coincides  with  the  direction  of  the  weakened  muscle,  and  will  be 
fhrther  apart  when  the  direction  of  the  base  uf  the  prism  agrees  with 
the  direction  of  movement  of  the  nound  coadjutor  on  the  other  itde. 
Want  of  equilibrium  uf  the  muscles  which  roll  the  eyes  upwa^l  or 
downward,  is  still  more  easWy  diagnosticated  by  using  a  pair  of  eight 
degree  to  ten  degree  prisms,  with  their  bases  placed  inward,  and  do- 
ticin;];  whether  there  is  any  vertical  deviation  of  the  imager  in  the 
horizontal  diplopiii  thus  produced. 

Having  ascertained  the  state  of  e4|uilibriiim  of  the  eve-musclc8  in  the 
primary  position  by  the  above  means,  or  by  one  of  tlie  more  delicate 
and  recent  tests,  such  as  Maddox's  rod-test  described  on  pAge  170.  it  it 
beat  to  see  whether  any  existing  insufficiency  for  distance  isau^racuted 
or  diminished  when  the  eyesare  put  into  the  position  in  which  thepatieot 
uses  them  during  his  habitual  work.  This  can  be  done  hy  employing 
what  i.*  usually  known  as  I'on  Gratff'i  te»t.  This  teat  conaists  in 
having  the  patient  notice  whether  the  double  images  prwluceil  by  fixing 
his  axes  of  vision  upon  »  amall  dot  that  in  situated  at  the  end  or  at  the 
middle  of  a  vertical  hne,  whilst  he  is  looking  through  a  vertically  pUced 
prism  of  from  ten  to  fourteen  degrees  before  one  eye,  are  vertical  or 
not.  In  many  cases,  more  occot^te  results  are  insured  by  using  a  short 
word  of  Kome  small  type,  like  Jaeger  No.  1,  as  the  test-ohject,  and  in- 
aisting  that  the  patient  shall  not  only  look  at  it,  but  also  read  it.  thu* 
fi;iving  proof  that  he  is  using  his  accommodation.  In  either  ca«e.  whether 
the  dot  and  line  or  the  printed  word  bo  employed,  the  tost  should  he 
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lOftde  at  the  onlinary  diatftDCO  U9«<:1  for  reading  or  writing — from  ten  to 
sixteen  incbes. 

We  are  indebted  to  G.  T.  Stevens  for  a  new  and  better  nomenclature 
to  expreM  the  various  defects  uf  the  eve-muscles.  The  condition  of 
proper  equilibrium  is  designated  ae  orihtiphnria.  while  all  other  slates  ai"© 
cUiuse'l  as  hetfrophoria.  The  tendency  for  the  eye  to  deviate  invartl 
m  termed  eaophoria,  and  the  tendency  for  the  eye  to  deviate  outward 
is  tertned  ^rophuria,  while  its  tendency  to  deviate  upward  or  down- 
ward is  called  ht(ptrphori>t.  If  there  be  a  tendency  inward  and 
upward,  the  condition  la  deaigiiiitud  hjfper eaophoria.  If  there  be  a  ten- 
dency upward  and  outwanl.  it  is  termed  hf/pert'xophnria. 

of  these  faulty  actions  of  the  different  muscles,  tbo&e  which  are  due  to 
the  internal  rectus  muscle  or  to  the  inferior  rectus  muscle,  are  generally 
the  mo-it  embarrassing.  Thi^  will  be'iToderstood  when  it  is  considered 
that  the  patient  is  to  a  certain  extent  obliged  Co  conver^^e  anil  rull  the  eye 
downward  to  be  sure  of  his  footing  in  moving  about,  whilst  in  reading, 
wriliug,  or  the  performance  of  other  near-work,  it  becomes  neces«iry 
for  him  to  still  further  call  llieHft  muscles  into  action.  In  most  cases,  a 
refraction-error  will  he  found.  Thi«  should  be  carefully  connected  under 
a  stronj^  mydriatic,  and  the  Icniies  thus  determined,  given  for  habitual 
wear  before  any  operative  treatment  is  attempted.  This  becomes  nece3- 
sary,  because  in  the  eflurl  to  uvercome  any  optical  defect,  a  temjiorary 
extra  tension  is  frequently  developed  in  some  of  the  external  muscles 
which  may,  aft  hinted  at  on  page  274,  subside  under  the  u.««  of  the  cor- 
rectiug-glass.  At  times,  it  is  advantageous  also  to  make  sure  tliat 
thorough  relaxation  of  any  increase",!  tension  in  the  extra-ocular  mus- 
cles is  attained,  thus  developing  any  latent  insufficiency.  This  can  bo 
done  by  giving  a  pair  of  prisms  with  their  bases  pointing  toward  the 
insufficient  muscle  for  temporary  wear. 

Inauffii'trnut/  of  tht:  intrrni.  Slight  but  annoying  decrees  of  insnffi- 
ctency  of  the  internal  rectus  muscles  are  often  neveloped  in  presbvripic 
patients  by  putting  on  spectacles  which  are  so  strong  as  to  bring  the 
near-point  inconveniently  close  to  the  eyes.  The  reason  for  this  is, 
that  whilst  such  glasses  relieve  the  strain  on  the  accommodation .  they 
call  for  increased  convergence  by  bringing  in  the  near-point,  thus  re- 
versing the  habits  of  relative  accommodation.  Insufficiency  of  the  same 
muscles  may  also  be  produced  by  placing  the  optical  centres  of  the 
letiycs  wi^er  apart  than  the  pupillary  centres.  When  these  are  placed 
too  far  apart,  ihey  act  as  prisms  with  tbeir  bases  outward,  and  thus  in- 
crease anystrain  on  the  internal  rectus  muscles.  In  the  same  way.  when  a 
lull  correction  ia  given  in  hypertnetropia,  it  will  often  be  found  that  the 
relative  near-point  is  brought  too  close,  and  the  internal  rectus  muscles 
fell  to  perform  the  extra  work  thus  thrown  upon  ihem,  upon  account 
of  the  hy perl ropl lied  and  over-tense  ciliary  muscle  not  being  ivt  once 
relaxed.  InsuiHciency  of  the  intemi  is  also  a  frer|ucnt  accompaniment 
of  myopia.  Here  it  is  caused  by  the  near-point  being  brought  too 
close  to  the  eye  with  a  relatively  less  effort  on  the  port  of  the  accom- 
modation, thus  producing  a  simultaneous  increase  in  the  <lemandB  on  the 
convergence.  This,  with  the  great  lengthening  and  the  ovoid  shape  of 
the  b&tl  (especially  in  cases  of  high  myopia)  mechanically  increases  the 
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vork  of  the  interunl  recliis  muscles,  and  makes  it  more  ttiflioalt  Inr 
them  to  roll  the  eyes  inward.  In  cnfiea  of  high  myopia,  the  deoian^ 
on  convorgeneo  are  relieved  either  by  using  only  one  eye  at  a  time,  oi 
by  the  wearing  of  con^inve  lenses  which  give  nn  artificial  far-poil 
that  is  situated  at  a  greater  distance  from  the  eye  than  it  is  in  tlii.' 
corrected  organ ;  thi»  latter  plan  being  aided,  if  neccA-tary,  liy  decen- 
tring  the  lenses  outward,  no  that  thoy  may  act  as  priams  with  tlt<ir 
baaas  placed  inward.  Where  the  degree  of  myopia  is  slighter,  aad 
the  patient  ia  young,  the  insufficiency  may  fr^uently  be  remedied  br 
giving  a  full  correction  for  habitual  wear.  Where  tliis  is  impmcticable, 
reading-gla^e.s  can  be  oombined  with  prisms. 

Aa  prcvionaly  raentionod,  the  ordinary  power  of  the  straight  miudei 
varies  greatly.  On  account  of  this  inet|uality  of  action,  we  can  oflenaf- 
forti  to  neglect  an  amountoftjendency  to  lateral  deviation  which  we  ibooM 
be  called  upon  to  correct  if  it  existed  in  an  upward  or  a  downwird 
direction.  Further,  a  weak  prism,  with  its  base  down,  placed  befoie 
one  eye.  and  reinforced  by  one  of  similar  grade,  base  up,  before  dw 
fcUow-cye,  is  a  welcome  relief  in  some  cases  of  hyperphoria. 

The  severe  aathcnopic  aympboms  caused  by  insuffiaency  and  betero- 
phoria  are  of  frequent  occurrence,  and  are  familiar  to  all  practitiooen. 
Of  late  years,  it  has  been  held  by  Stevens  and  many  others,  thai  in 
addition  to  the  frecjuent  and  distressing  asthenopia,  these  disturbanc* 
of  ihe  ocular  muselta  are  often  the  cause  of  severe  nervous  affections, 
which  arc  purely  reflex  in  their  nature.  Theae,  they  assert,  can  be  cored 
by  restoration  of  the  ocular  balauue  ^ected  by  partial  tenutomiee.  The 
moat  prominent  of  this  class  of  diseases  are  reflex-chorea  and  redex- 
epilepsy. 

While  every  ophthalmic  surgeon  has  daily  opportunities  for  observa- 
tion of  exquisite  rejlcx  action  in  the  eye  an<l  it^  surroundings  excited 
by  disease  affecting  some  other  part  of  it,  and  is,  therefore,  prepared  to 
look  for  reflex  disturbance  elsewhere,  nnd  while  the  experiments  of 
Dercumand  Parkershowthatlong-continued  and  slight  strain  on  some  of 
the  musclea  of  tlie  body  may  beuilJowedby  general  conviileions,  never- 
theless it  is  the  experience  of  the  author,  that  owes  of  reflex -chorea  or  re- 
flex-epilepsy due  solely  to  eye-strain  are  very  rare.  He  has  oflcn  seen 
cases  of  facial  chorea,  especially  of  twitching  of  the  orbicularis  muscle  in 
children,  much  benefited  by  the  correction  of  hypermetropia  or  hyper- 
metropic  astigmatism,  but  has  rarely  observed  permanent  and  cotnplets 
cure  from  such  a  plan  of  treatment.  As  rcgnrthi  the  graver  forms  of 
chorea  and  epilepsy,  and  their  reported  cure  by  operations  on  ttie  eye- 
mit^clpiH,  it  must  be  remembered  how  little  is  known  about  the  pathology 
of  these  affections,  how  irregular  at  times  is  the  course  of  the  latter  dis- 
ease, and  how  often  a  cure  haa  been  erroneously  supposed  to  be  effected 
either  by  therapeutic  measures  or  by  surgical  operation. 
.  Oi>erafive  Creatnu-nt  of  msuffieienctf  ani  heteropfioria.  Although  teo- 
otoray  of  the  external  recti  muscles  in  cases  of  increasing  myopia  with  in- 
sufBciency  of  the  interiii,  has  not  given  as  favorable  resolts  as  were  thought 
poasiblo  by  Von  Graefc  when  he  introduced  the  operation,  it  nevertlielcss 
acts  most  beueGcially  in  relieving  the  resultant  muscular  insufBcieocy 
and  asthenopia^  In  many  instunccs.    As  a  rule,  no  operative  interference 
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upon  any  of  the  eye-musclea  should  be  resorted  to  until  careful  cor- 
rection of  any  existing  refraction  or  muBcte  defect  by  proper  lenses,  has 
been  tried  and  faithfully  worn  for  a  time.  If  afl^er  thorough  trial  (the 
eyes  having  been  carefully  measured  under  a  strong  mydriatic)  these 
measures  fail,  and  if  the  grade  of  insufficiency  be  high  enough  to  warrant 
it,  and  if  there  be  fair  abductive  and  adductive  power,  a  tenotomy  may  be 
resorted  to.  The  amount  of  facultative  divergence  at  a  distance  (that 
is,  the  ability  to  overcome  prisms,  base  in,  at  six  meters)  should  be  taken 
as  the  limit  of  the  operative  interference.  If  there  be  power  to  over- 
come prisms  of  from  twelve  to  sixteen  degrees,  base  inward,  division  of 
the  external  rectus  muscle  may  be  safely  proceeded  with,  but  if  there  be 
1^  than  this  amount,  a  tenotomy  will  probably  produce  convergence  with 
homonymous  diplopia  for  distance.  A  careful  division  of  the  muscle 
alone,  without  disturbing  the  attachments  to  Tenon's  capsale,  will 
usually  give  about  fourteen  degrees  correction.  If  necessary,  this  effect 
may  be  lessened  by  sutures.  The  result  of  the  same  operation,  how- 
ever, will  vary  in  different  cases,  being  greater  where  a  very  thin  and 
delicate  Tenon's  capsule  permits  the  divided  muscle  to  retract  farther 
than  usual,  and  less  where  a  dense  firm  capsule  limits  the  retraction — 
the  immediate  effect  being  nearly  double  that  of  the  permanent.  The 
amount  of  correction  gained  should  be  tested  immediately  afler  the 
operation,  by  holding  a  candle  in  the  so-called  "place  of  election  " — 
t.  e.-,  at  an  angle  of  about  fifteen  degrees  from  the  median  line  toward 
the  side  of  the  divided  muscle,  thus  giving  the  muscle  a  better  chance 
to  act.  It  is  necessary  to  allow  the  healing  process  to  proceed  for  about 
a  week  before  the  results  of  the  tests  with  prisms  will  correspond 
approximately  with  the  results  to  be  finally  obtained.  When  there  is 
less  than  this  amount  of  facultative  divergence  for  distance,  operative 
interference  must  be  declined,  or  a  partial  division  of  the  muscle  re- 
sorted to.  This  latter  operation  is  best  performed  according  to  Stevens's 
method,  by  making  a  small  opening  through  the  conjunctiva,  exactly 
over  the  insertion  of  the  tendon.  Afler  this  is  done,  the  tendon  is 
seized  by  an  extremely  fine  pair  of  forceps,  and  divided  in  each  direc- 
tion, thus  preserving  the  extreme  outer  fibres,  or  at  least,  the  reflection 
of  the  capsule  of  Tenon,  which  serves  as  an  auxiliary  attachment. 

Owing  to  the  comparative  weakness  of  the  Vertically  acting  muscles, 
partial  tenotomy  is  better  adapted  to  the  treatment  of  hyperphoria  than 
it  is  to  that  of  esopboria  or  exophoria.  One  of  the  great  difficulties  in  the 
way  of  the  adoption  of  the  operation,  is,  that  in  slight  cases  of  hetero- 
phoria,  a  little  excess  of  operative  interference  is  a  great  disadvantage. 
Besides,  it  is  extremely  diflicult  to  calculate  the  probable  result  with 
accuracy.  Owing  to  individual  peculiarities  in  the  strength  of  the  mus- 
cle, and  to  the  density  or  feeble  development  of  the  capsule  of  Tenon, 
the  same  amount  of  division  will,  even  in  competent  hands,  give  vary- 
ing effects.  The  amount  of  cicatricial  contraction  following,  is  likewise 
an  unknown  quantity.  Although  the  variation  in  result  is  held  by  the 
advocates  of  partial  tenotomy  to  be  due  simply  to  the  subsequent  devel- 
opment of  heterophoria,  which  was  latent  at  the  time  of  the  operation, 
oertun  it  is  that,  even  in  the  hands  of  those  who  practise  it  the  oftenest, 
repeated  operations  are  frequently  necessary  for  favorable  results. 
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Cotuiomitant  Hrabamu*.  Slmbismns,  or  sqtunt,  \a  said  to  eiifi 
vhen  the  vUnal  axe>i  nn  lonji^er  mcot  in  the  object  looked  At.  IF  thn 
meet  before  reaching  the  object  to  which  they  are  directed,  the  conilitiot 
is  termed  convergent  squint.  If  they  meet  beyoni]  the  object,  ir 
deviate  firom  exch  other,  the  condicioii  is  known  as  dioerfftmt  Kjuint.  h 
the  preceding  sections,  the  squint  that  is  due  to  paralyHJs  of  the  eyt- 
muAcles  hn."*  been  discQssod.  There  it  was  scon  that  in  this  form,  the 
angle  iucludod  between  the  visual  axes  varies,  and  that  the  i^juiut  vr 
primary  ih'viiition  of  the  eyes  is  greater  in  jirnpnrtjon  na  the  nxatino- 
object  is  moved  towiiril  the  ftidc  of  the  paralyzed  muscle.  It  was  aim 
noticed  tliat  if  under  these  circuinstances,  the  sound  eye  was  covemi 
and  the  lume  eye  attempted  to  fix,  the  HS8ociate<l  inovetnetit  of  the 
sound  eye,  or  the  eecondary  tleviation,  was  greater  than  the  prinitrr. 
On  the  other  bund,  in  non-parnlytic  squint,  the  ongle  between  the 
visual  iixe«  renniin!!  nearly  the  same  in  all  parts  of  the  Beld,  anO  if  the 
fixing  eye  be  covered  ana  llie  squinting  eye  be  made  ui  fix,  the  art  of 
movement  maile  by  theilevinted  eye  in  eomini^  to  fixation,  will  bcMjul 
to  the  arc  that  is  described  by  the  visual  axis  of  the  covered  eye.  Tbu, 
if  the  squint  is  a  convergent  one,  and  the  deviated  eye  turns  nutvatd. 
say  two  lines,  in  fixing,  the  covered  eye  will  make  a  movement  of  eqwl 
extent  inward.  Convm-scly,  in  divergent  squint,  if  the  deviated  ey« 
comes  in  two  lines  to  fix,  the  covered  eye  will  make  an  eqnal  t&d 
aitnultuneous  excursion  outward.  This  condition  in  termed  concomitant 
»qnint.  In  short,  the  squinting  eye  acts  hs  if  one  of  its  muacles  hail 
been  slightly  eliortened.  the  innervation  of  the  affecte<l  muscle  andtliat 
of  its  fellow,  remninin;;  a^  before. 

In  the  vast  mnjority  of  cjaes  of  concomitant  squint,  the  eye^XM 
cODvei^e.  Leas  frequently,  they  diverge.  \ety  rarely,  there  ia  a  ver- 
tical deviation.  In  oonver^nt  Bi|uint,  the  relative  amounts  of  ihr 
deviations  can  be  measured  by  noting  either  the  position  of  the  inner 
margin  of  the  pupil  in  uomparison  with  the  lacrymal  point  of  thelowpr 
lid,  or  the  position  of  the  inner  margiu  of  the  cornea  and  of  tlie 
caruncle.  In  divergent  squint,  the  same  purpose  can  be  aocompli^fl 
by  noting  the  position  of  either  the  outer  corneal  or  the  outer  pupiUnrr 
margin  as  compared  with  the  pMition  of  the  external  commissure  of 
theliclH.  If  more  imcunicy  is  ilesired.  a  millimeter  rule  can  be  held 
along  the  magin  of  the  lower  lid  of  the  squinting  eye,  and  after  the 
division  which  corresponds  with  the  centre  of  the  pupil  is  notp<l,  tlie 
number  of  divisions  of  deviation,  either  in  or  out,  when  the  fixing  eye 
is  alternately  covered  and  directed  toward  the  object  looked  at,  can  be 
quickly  read.  For  rough  result*,  ns  explained  on  page  178,  ic  answers 
very  well  to  use  one  riand  a«  a  cover  for  one  eye,  and  a  finger  of 
the  other  hand,  or  better,  a  pen's  point  or  other  minute  object,  aa  the 
fixati{in-object,  whilat  bringing  the  accommodation  of  the  eye  into  play 
by  urging  the  patient  to  make  an  effort  to  force  the  point  into  distinct 
view.  If  it  be  desired  to  obtain  more  accurate  answers  aa  to  the  char- 
acter and  the  degree  of  the  deviation,  recourse  can  be  had  to  some  of 
the  plans  described  in  the  chapter  nn  the  Kxamination  uf  the  Eye. 

It  is  instmctive  also  to  experiment  on  sound  eyes  with  prisms,  and  to 
watcli  the  corrective  squint  which  ensues  to  remedy  the  doable  rision 


AFFBCTI0X8   OP   THE    EY&-UUSCLE8. 


Afi3 


I 


I 


tliiw  provokwi.  For  instance,  a  prism  with  the  base  placetl  outward 
before  one  eye,  ttirows  the  image  of  a  fixation-point  to  the  outer  side  of 
the  macula  of  this  eve,  prwlucing  a  convergent  squint  aa  the  effect  of 
ihc  effort  of  the  internal  reelu!*  mn8f;Ie  to  piill  the  fovea  tmt  far  enough 
to  receive  the  image-  With  a  prism  base  inwanl,  on  the  nther  hand,  an 
extra  exertion  of  the  external  rectus  muscle  is  obtained,  giving  rise  to 
B  corrective  divergent  aiiuint. 

As  shown  on  pugea  08  and  175,  the  power  of  the  several  eye-mnscles 
in  correcting  the  diplopia  caused  hy  prisma,  varies  greatly,  this  not 
only  being  so  in  different  people,  bni  nUo  in  the  same  individual.  The 
power  of  liic  internal  rectus  muscles  to  overcome  prisms,  basse  outward, 
is  termeil  the  power  of  addiction.  The  power  of  the  externa!  rectuii 
muscles  to  overcome  prisms  j)laced  base  inward,  is  termed  the  power  of 

Concomitant  squint  may  be  cither  ifccrnad-  nr  monolateral.  In  some 
eaara,  there  may  be  periodic  »i[u.int,  this  form  usually  depending  on  the 
awe  of  the  eyes  for  neiir-work.  In  the  alternate  variety,  if  the  aquint- 
ing  eye  is  made  to  fix,  the  fellow-eye  muke-t  nn  a.«soci»te  movement 
under  the  covering  hand,  this  inward  deviation  often  remaining  aller 
removal  of  the  hand.  Here  the  fetlow-eye  has  tlms  become  the  devi- 
ating eye.  In  such  cases,  guod  acuity  of  vision  in  each  eye  is  apt  to 
be  found.  When  the  covering  hand  is  removed  from  the  sound  eye,  in 
monolateral  fi<|uint,  the  sound  eye  promptly  conies  baelc  into  fixation, 
while  the  prlmariiy  deviated  eye  re:<uuies  its  squinting  position. 

One  of  the  moat  curious  characteri'^iics  of  squint,  is  that  although 
the  visual  axes  deviate  from  the  fixation-jwint,  tJie  patient  rarely  com- 

f)Iain8  of  double  vision,  and  in  many  instances,  especially  in  the  mono- 
ateral  variety,  it  is  impossible,  even  with  the  addition  of  vertically 
deviating  prisms,  to  make  liirn  awan>  of  Ihe  presence  of  double  iniiigce. 
In  each  cases,  the  ncuity  of  vision  in  the  deviating  eye  is  as  a  rule  very 
much  impaired.  The  reason  of  this  non-perception  of  the  double  image 
has  been  much  discussed,  causing  theories  of  anatomically  pre-existent 
corresponding  retinal  points,  and  of  the  physiological  development  of 
ooiTosponding  portions  by  continued  uao  and  by  experience,  to  be  pro- 
pounded. Certain  it  is  that  the  foveie  centrales  really  correspond  ana- 
tomically, and  tlmt  the  construction  of  the  retinre  permits  good  acuity 
of  vision  in  these  regions  only.  The  fact  is  that  the  a.s9ocialion  neces- 
•ftry  for  proper  binocular  vision  is  often  lost  by  disturbance  only  in 
certain  portions  of  the  retina  of  the  affected  eye.  Especially  is  this  so 
in  those  portions  which  arc  not  only  anatomically  correspondent  with 
the  centra!  portion  of  the  retina  of  the  fixing  eye,  but  which  by  the 
faulty  position  of  the  ileviaterl  eye,  are  excited  simultaneously  with  the 
central  portion  of  the  retina  of  the  sound  eye.  A»  has  been  pointed 
out  by  Alfred  Grnefe,  there  are  three  classes  of  cases  of  amblyopia  in 
aqaint:  First,  those  in  which  double  images  can  be  readilv  produced, 
these  standing  in  the  positions  in  which,  judging  from  the  apparent 
deviation  of  the  eyes,  they  wouM  he  expected.  Second,  thiiae  in  which 
Hthe  images  are  produced  with  more  difficulty,  and  do  not  correspond 
■  with  the  apparent  deviation  of  the  eye,  appeariitij  nearer  together  than 
should  he  expected.     Third,  those  cases  in  which  double  images  cannot 
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be  prodaced.  It  has  alwaj^s  appeared  to  the  author  that  rolaatarr  iDd 
tong-praotLsi?(l  mental  snppra-!.iiun  of  llic  imagee,  '\s  the  real  caxxee  oi 
the  amblvopia.  Thus,  in  u-iin;;  the  ophthnlmoscopc  or  the  microMope, 
we  hiive  all  at  6ret  found  it.  difficult  to  keep  boch  eyes  open  and  to 
8uppre.<»  the  images  of  objects  before  the  unemployed  eye.  With 
practice,  hovrever,  this  is  very  reiulily  Iwirned.  For  instauce,  in  using 
the  latter  iimrument,  we  ciiii  hy  lui  effort  of  the  will  bring  botli  ey« 
into  Action  SLmultikneoiitiily,  and,  seeing  with  one  the  diviinionfi  of  tie  rale 
and  wilh  the  other  the  magnified  ima^e  of  the  object,  can  compare  utJ 
measure  the  shea  of  the  two  retinal  Impressions  of  the  object  under 
observation.  Squint  usually  begius  in  iani.ncy,  giving  the  indlridatl 
an  opportunity  for  lonf^  practiuo  of  suppreiiaion  of  the  retinal  images  of 
the  unused  eye  »t  a  time  of  life  that  l»  most  favorable  for  the  formation  of 
the  habit.  In  case  of  pnnilysis.  however,  the  deviation  genenQf 
appears  later  iu  life,  when  the  habits  of  observation  are  fixed,  and  wh« 
the  effort  to  brin^  the  deviated  eye  into  fixation,  oEtoacaiuee  discomfort 
and  dizziness:  tnia  bein;^  so  eroii  when  the  double  images  arc  entirelr 
done  away  with  by  covering  the  sound  eye.  As  ha»  been  already  statM, 
when  the  squint  is  monolateral  and  of  long  i^taniliiig,  it  is  eenefdlHf 
found  that  the  vision  of  the  squinting  eye  is  much  impaired,  this  Ix^P^ 
true  even  when  the  media  are  clear  and  the  ophthalmoscope  fails  to  revnl 
any  disease  or  abnormality.  This  state  of  affairs  has  given  rise  to  Ae 
theory  of  amblyopia  from  disuse.  Many  writers,  however,  malDtain 
that  the  amblyopia  is  congenital.  Enarimuch  as  squint  generally  begins 
at  M  early  an  age  that  proper  determination*  of  the  acuity  of  vIhod  il 
impossible,  and  accurate  ophthalmo.'«crjpic  examination  is  difficult,  the 
question  cannot  be  easily  decided.  The  fact,  however,  that  the  pres- 
ence of  corneal  or  lenticular  opacities,  in  many  cases  of  squint,  appar- 
ently determines  which  eye  should  deviate,  would  appear  to  indicate  thai 
often,  at  least,  there  is  an  unrecognized  anatomical  peculiarity  that  pro- 
duces the  appearance  of  congenital  amblyopia. 

Tn  judging  of  the  presence  of  squint,  we  are  often  deceived  by  the 
fiict  that  the  visual  axes  do  not  correspond  with  the  axes  of  the  comew. 
because,  as  has  been  explained  in  the  chapter  on  Physiological  Optica. 
the  visual  axes  oft-en  form  an  angle  of  6ve  degrees  with  another  In  em- 
metropia,  and  frequently  increase  to  seven  degrees  in  hypermetropia. 
Consequently,  while  the  position  of  the  antero-posterior  axes  of  the  eyef 
can  be  readily  detected  and  their  situation  properly  judged,  no  critenoo 
as  regards  the  direction  of  the  visual  axes  is  obtainable,  and  therefore. 
when  the  angle  between  these  two  axes  is  greater  than  usual,  the  eye  ha 
an  apparent  liivcrgont  squint.  In  such  cases,  wc  arc  surprised  to  find 
that  on  alternately  covering  each  eye,  there  a  no  delation,  the  covered 
eye  remaining  st^dy  in  Itfi  fixation. 

Prognosis  as  to  the  result  of  ofteration  is  better  where  the  power  rf 
hInocuTar  vision  Is  retained.  In  many  instances  of  alternating  i^quint, 
operation  is  unnecessary,  permanent  cure  being  cSbcted  by  the  babitaal 
use  of  proper  correct! ng-glnsses. 

Converifent  Btfuint,  The  true  pathology  of  conoonutant  cottvergeiit 
squint  waA  fintt  pointed  out  by  Donder<!,  who  showed  that  it  «u  asually 
connected  with  and  due  to  hypermetropia.     As  has  been  explained  ia 
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the  cliapcer  on  Accommodation,  the  more  the  power  of  convei^euoe,  the 
better  the  nbility  to  accommoilate.  The  hypcrmctrope,  having;  the  retina 
inside  of  the  principal  focus  of  his  couabined  lenaes,  cnn  sec  distant 
objects  ilistinctly  only  by  bringing  his  ciliary  muscle  into  action,  and 
thus  rendering  his  lenit  more  convex.  He  has,  therefore,  less  accommo- 
datioD  left  to  spend  in  focusing  near  objects,  and  in  endeavoring  to  use 
this  remainder  to  ruil  advantage,  he  innervates  both  tlie  ciliary  and  the 
internal  rectus  muscle?  vigorously  and  simultaneously.  He  thus  puts  a 
high  tension  on  the  latter,  which  reveals  vtsclf  in  many  instances  by  a 
deviation  of  one  of  the  visual  axe^  inward,  thus  causing  them  to  oross 
one  another  before  reaching  the  fixation -object,  and  hence  producing 
oonrergent  8f|uiiit.  When  Dondera  ailvaticed  thia  theory,  he  pointed  out 
the  face  thai  at  least  seventy-five  per  cent  of  all  eyes  with  convergent 
scjuint  sre  liypermetropic.  It  has  since  been  sliown  that  the  percentage 
is  still  highcr.WeckcT  placing  it  at  eighty-five  per  cent ,  while  the  expe- 
rience of  the  anther,  which  includes  many  hundreds  of  cases  whose 
refraction  was  tested  by  air(;pine,  gives  even  a  higher  nttio. 

Knowing  that  conveigent  squint  develops  in  infancy,  and  that  the 
vast  majority  of  eyes  are  hypermetropic  in  early  life,  it  would  be  natu- 
rally asked.  If  the  state  of  refrnctJon  is  a  cause  of  convergent  strabismus, 
and  is  not  an  accidental  accompaniment  of  it.  why  are  there  not  more 
squinting  eyes?  and  why  do  not  all  hypermotropes  squint?  Donders 
has  answered  these  questions  by  pointing  out  that  the  vast  majority  of 
patients  witli  convergent  squint  liavo  only  a  low  degree  of  byperme- 
tropia,  and  that  it  is  possible  for  them  to  overcome  this  by  undue  con- 
Tsrffenoe  and  accommodation.  Un  the  other  hand,  he  has  shown  tbot 
pabenis  with  high  degrees  of  bypermetropia  would  gain  no  advantage 
from  undue  convergence,  and  that  hence  they  do  not  exercise  it.  Further, 
he  Slates  that  many  liyperme tropes  prefer  binocular  vision  with  slightly- 
blurred  images  to  clearer  images  that  are  associated  with  diplopia.  In 
addition  to  the  above-mentioned  causes,  there  may  be  a  congeoitol  want 
of  equilibrium  in  the  eye-muscleii,  with  undue  preponderance  of  the 
internal  rectus  muscles.     Further,  tloublo  vision  has  fewer  inconve- 

•  DJences  and  is  more  easily  suppressed  wlini  there  is  a  difference  in  the 
Twaal  acuity  of  the  two  eyes,  such,  for  instance,  as  may  be  due  to  the 
foUowing  oonditions,  which  seem  to  be  among  the  most  active  and  pre- 
disposing caoses :  great  dilference  in  refraction,  congenital  amblyopia, 

Koomeal  opacity,  and  opacity  of  the  lens. 

V  Prognosis  is  more  favorable  when  the  treatment  is  andertaken  dariag 
adolescence,  and  when  visual  acuity  is  good  in  both  eyes.  In  some  few 
cases,  a  spontaneous  cure  of  sijuint  is  seen  in  adults  whi)  have  bad  de- 
cided convergence  in  childhood.  In  the  majority  of  instances,  however, 
the  ileviation  remains  permanent  unless  properly  treated.  An  attack  of 
phlyctenular  conjunctivitis  or  other  slight  infiammatory  condition  of 
hypermetropic  eyes  in  children  whose  general  condition  is  lowered,  may 

■  at  times,  call  forth  a  transient  or  a  permanent  convergent  squint. 
There  has  bwn  considerable  diversity  of  opinion  among  writers  as  to 
the  proper  time  of  beginning  the  treatment  of  S(|uint  in  young  people. 
It  has  beeu  tlie  author's  practice  to  begin  treatment  by  carefully  atro- 
pinizing  the  eyes  and  putting  spectacles  for  habitual  wear  on  the  child 
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u  soon  as  it  knows  its  letters.     Much,  however,  will  depend  od  dH' 
intelligence  of  the  patient  and  on  the  care  excrciiwd  bviw  parents, 
thus  waiting,  we  me  enabled  to  secure  the  tiuiet  wliicli  is  necesMnr  for 
an  ueciimte  detfrminittioD  of  the  refraction  during  an  ophihnlraoMOpk 
examination,  and  are  aided  by  the  child's  abilitj  to  properly  niune  the 
test-letters.     At  the  same  time,  the  prognosis  is  materinUy  assisted  bi 
knowing  whether  there  \s  amblyopia  or  not.    In  any  case,  young  or  old, 
the  firtt  step  should  Ije  to  examine  the  refraction  carefully  under  n  4troD|; 
mji'ilriiitic,  and,  if  livperinetrripiiL  and  Mtigmatisui  be  present,  to  pre- 
scriSe  full  correction  for  habitual  wear.  After  theefTecl  of  the  niyilritlie 
has  passed  off,  the  full  correction,  on  account  of  the  slight  blurring  of  distant 
vision,  ia  often  somewhat  disagreeable  to  the  patient.   As  it  takes  away  to  s 
considerobk'  extent,  huwever,  the  desire  of  accommodation  for  dietant 
objeciA,  un<l  thus  rela-ti^s  nnj  concomitant  tension  in  the  intcniBl  rectos 
muscles,  it  nhould  always  be  employed.     By  this  plan,  aceommodatioB 
and  convergence  for  near-work  are  perfyrmeil  under  cooditions  in  wbicb 
it  is  possible  for  the  patient  to  bring  uie  internal  rectus  and  ciliary  miuein 
into  normal  relation  with  each  other.     In  a  few  cases  of  concomitant 
squint,  espceinlly  where  the  main  defect  is  an  astigmatic  one,  the  visual 
axes  become  straight  simply  under  the  influence  of  a  pair  of  correcting- 
glasses.     In  the  majority  of  iustancee,  however,  a  portion  of  the  squint 
persists,  Tieeessitating operative  inierferonco.  In  some  euses  of  inveterate 
sriulnt,  where  there  is  a  high  degree  of  amblyopia  in  the  deviating  eye, 
but  little  aid  can  be  expected  Irom  the  use  of  glasses.  Operative  results 
in  such  cases  are  generally  much  less  satisfactory.  When  the  deviation  b 
not  greater  than  from  four  to  five  millimeiei-s.  we  may  content  ourselves 
withni(im]dc  tenotoiny  of  iheintfrnal  rectus  muscle  of  the  squinting  eye. 
If  it  exceeds  this,  it  is  usually  better  tu  divide  the  effect  between  the  two 
eyes  by  opernXing  on  both  the  Miuinting  and  the  sound  eye.     For  a 
modemic  elfect,  the  incision  should  be  made  in  the  onnjunctivane-ar  the 
border  of  the  cornea,  and,  after  Tenon's  capsule  is  divideil.  the  muscle 
is  to  be  brought  forward  on  a  hook  and  divided  at  its  insertion  into  the 
Bcleroiic,  thuji  causing  the  muscle  to  retract  and  to  get  an  insertion 
forthcr  buck  on  the  sclerotic.    In  all  cases,  even  before  a  new  insertion  by 
attachment  to  Tenon's  capAulo  has  taken  place,  the  muscle  is  able  to  more 
the  ball  inward  to  a  considerable  extent.     If  a  greater  effect  than  the 
division  of  ihe  tendon  and  Tenon's  ra|isute  is  desired,  oblique  incisions 
can  be  made  into  the  latter,  and  the  cut  end  of  the  muacle  thus  enabled 
to  still  farther  retract.     This  procedure,  however,  makes  it  much  more 
difiicalt  to  judge  of  the  flnal  result  of  the  operation,  and  is  much 
more  likely  to  be  followed  by  a  retraction  of  the  caruncle.    To  prerent 
ihe  latter  occurrence  in  cases  where  extensive  incisions  are  tmAb 
into  Tenoni^  capsule,  it  is  soraeCitQM  advantageous  to  dissect  np  the 
bulbar  conjunctiva  with  the  scissors  u  far  l»n  as  the  caruncle  before 
dividing  the  muscle.     Where  too  groat  an  effect  is  obtained,  it  cnn  be 
diminished  by  suturing  the  conjunctiva  at  the  completion  of  the  inciaionB. 
When  such  free  division  on  both  sides  stilt  leaves  residual  aqatnt,  ad-fl 
voncement  of  the  external  rectus  musde  must  be  resorted  to  to  remedy 
it.     In  most  of  such  cases,  it  is  best  to  give  preference  for  the  operation 
to  the  eye  that  has  been  primarily  operated  upon. 
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The  orthopaedic  treatment  of  sciuint  by  ciiHivating  and  coufirming 
die  power  oianjr  existent  binocular  vision,  is  often  useful  after  operation 
and  the  preacription  of  proper  gliutaes.  In  miinr  instiuicca  of  well- 
established  »juiut,  Uie  stereoscopic  field  in  front  vf  the  aciuinting  eye 
remains  u  blank  and  fiiils  to  form  or  to  fuse  any  images.  Wliere,  how- 
ever, gtereoftcopic  images  can  be  called  forth,  apecial  slides  which  have 
dots  or  lines  so  placed  as  to  form  letters  or  figures  when  the  two  retinal 
imagea  are  fused,  constitute  useful  devices  for  exereise. 

C'oivtn^ttent  ttraf'ismut  with  mtfopia  Is  rarely  encountered.  These 
cases  generally  have  the  peculiarity  thftl  thev  have  biriocular  vision  inside 
of  their  far-point  or  inside  of  their  ii!>ual  reading-distance,  whileTor 
objects  beT<)pd  these  poinla,  a  convergent  squint,  that  is  often  uccom- 

rpanicd  with  annoying  double  vision,  seta  in.  According  to  Von  Graefe, 
this  is  due  to  au  increased  tension,  which,  existing  iu  the  internal  rectus 
muscles  in  al!  ca-ifs  of  myojiia,  in  evenluiilly  folhtwod  by  a  diminution  of 
the  ability  of  the  muscles  to  relax.  In  time,  positive  shortening  appears. 
At  first,  most  of  these  cases  are  periodic,  and  if  left  untreated,  are  apt  to 
become  permanent.  In  young  people  with  a  good  power  of  accommoda- 
KoD,  this  variety  of  convergent  scjuint  may  often  be  relieved  by  giving 
"le  patient  a  fnll  correction,  thus  removing  the  far-point  farther  from  the 
Bye  and  relieving  the  internal  rectus  muscles  of  unduly  increased  work 
It  abort  distances.  If  uecesuary,  the  desired  effect  may  at  first  be  aided 
tty  decgjxtring  the  correcting  concave  glossee  inward,  tlius  obtaining  the 
action  of  weak  prisms  with  their  bases  out.  When,  in  spite  of  the.se 
procedures,  convergent  sriuint  persista,  a  careful  tenotomy  in  one  eye 
will  generally  afford  reliefs 

flhvcnjKnt.  airuhitmuiy  though  occurring  occasionally  in  hypermetropic 
■eyes,  is  usually  a^ociated  with  myopia.  Wheniho  fitr-point  Um  rjuite 
<lose  to  the  cornea  in  very  hjgb  degrees  of  myopia,  the  eyes  cannot  be 
made  to  converge  for  it,  andlliere  is  divergence  at  tliis,  the  usuiU  work- 
ing distance.  In  addition,  the  ellipsoidal  form  of  the  eyeball  in  these 
cases,  very  much  increases  the  difficulty  of  the  muscles  in  turning  the 
eye  inword.  Further,  as  the  viaual  axes  are  normally  puraliel  in  a  state 
of  rest,  and  tension  of  the  internal  rectus  and  ciliary  muscles  makes 
distant  vision  wurse,  there  is  conHei|ueiitty,  under  these  circumstances, 

Is  disposition  to  allow  the  eyes  to  be  readily  turned  out  by  the  external 
rectus  muscles,  especially  if  these  muscles  happen  to  be  unusually  strong. 
When  the  defect  is  slight  and  the  myopia  is  high,  the  outward  tendency 
>of  the  eyes  can  often  be  remedied  by  prescribing  a  fully  correcting  con- 
cave glass  for  distance  find  a  weaker  one  for  near-work.  This  is  so, 
because,  by  so  doing,  the  excessive  amount  of  work  called  for  on  the 
part  of  the  interni  is  diminished  by  putting  the  uuar-puint  farther  from 
the  eye.  Where,  owing,  for  instance,  to  the  formation  of  cataract  or  to 
disease  of  the  optic  nerve  or  retina,  acuity  of  vision  is  much  impaired, 
the  eye  may  frequently  be  seen  to  turn  in  various  directions  under  the 
influence  of  its  own  muscle-ei|uilibnum.  When  glasses  that  arc  used 
«s  above  dii-eeccd,  fail  to  relit-ve  the  s^uiut,  careful  division  of  one  ur 
vlintli  external  rectus  muscles  is  snmeiimes  indicated. 
"  Str<ih!»rnus  with  vertical  drviatifin  is  rarely  seen  in  its  pure  and 
simple  form.  In  convergent  scjujnt,  however,  the  eye  is  often  found 
.also  turned  slightly  upward. 
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Congenital  pfotU,  which  may  be  either  one-sided  or  bilateral,  ood- 
siflts  in  a  drooping  of  the  lid.  The  tissues  of  the  lid,  vbicb  hang  down 
loose  and  fail  to  present  any  superficial  folds  in  the  skin,  can  be  elevated 
ouly  by  a  vrrinkiiug  of  the  forehead  through  the  nctioQ  of  the  occipito- 
frontahs  iiiubrIo.  Occasionally,  the  total  nbftcnco  of  tho  levator  palne- 
brfe  mujtclo  has  been  observed.  This  anomaly,  as  shown  by  Steinheim ' 
and  Homer.'  is  sometimes  associated  with  deficient  innervation  of  the 
superior  rectus  muscle. 

Although  no  treatment  has  ever  been  successful  in  entirely  removing 
the  peculiar  deformity,  yet  various  operationa  have  been  8ug<restod  to 
palliate  it,  tho  object  of  each  being  to  raise  the  edjje  of  the  upper  lid 
suQicieiitly  high,  so  as  to  clear  the  pupiUarv  space  when  tho  eye  is 
directed  forward  in  the  horizontal  plane.  Tlie  advancement  of  the 
tendon  of  the  levator  muscle  has  been  unKucccftsfully  tried  by  many 
skilful  openirtors,  including  Bowman  and  \'on  Graefe.  Snellen  claims 
to  have  been  successful  by  shortening  the  muscle.  The  operation  gen- 
erally practised  is  the  removal  of  a  horizontal  nval  piece  from  the  skin 
of  tlic  lida  and  the  underlying  orbicularis,  thus  shortening  the  lid  and 
diminishing  the  power  of  it«  sphincter  at  the  same  time.  Great  care 
should  be  taken  not  to  remove  such  anamomit  of  the  skin  as  would  pre- 
vent toul  clo$nre  of  the  lids  during  sleep.  In  bringing  the  lips  of  the 
ili^ound  together  during  the  operation,  the  edges  of  the  cut  muscle 
lould  be  included  in  tlic  sutures  tliat  are  passed  through  the  skin. 

Epicanthm  is  the  name  given  to  a  fold  of  skin  which  projects 
outward  over  the  inner  canlhus  from  the  internal  angles  of  the 
lids.  A  slight  degree  of  it  is  present  in  many  6at-nosed  children 
for  a  few  months  after  birth.  With  the  increasing  development 
o(  the  nasal  bones^  however,  it  gradually  disappears,  so  tliHt  when 
the  child  has  reached  the  age  of  five  or  six  ycoirs,  the  affection 
may  have  ceased  to  be  visible.  Marked  degrees  of  it  which  persist, 
require  operative  treatment.  The  operation  generally  performed,  i* 
that  of  Von  Aramon,  who  recommends  the  excision  of  a  vertical  oval 
piece  of  akin  from  the  upper  median  part  of  the  nose,  followed  by 
suturing  the  edge.i  of  the  wound  together.  This  proce<hire  should  he 
carefully  performeil.  for  if  the  strain  is  t<K>  great  and  the  sutures  give 
way,  an  ugly  scar  will  result.  Arlt  advises  the  removal  of  a  port  of 
the  epicauthal  fold  uf  »km,  uud  the  suturing  of  the  cut  edges. 

Cohhoma  of  the  lids,  which  is  a  nre  deformity,  is  usually  monolsteral 
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^pe.     The  upper  lids  are  more  frefiiivntly  afiiected  tliaii   tlio  lower 

SUpharii^a  is  a  term  that  is.  lit  the  preoent  time,  restricted  to  an 
tflancafttiOD  that  occurs  »t  th«  edges  or  thu  litis.  The  enlarge<l 
fpalpebml  veAs^ls  give  th*^  odges  of  the  lids  «  red  color.  Between  and 
lentaDgled  in  tbc  cilia,  lie  numerous  whitish  particles.  Thcf^o  me  due  to 
fan  excessive  formation  and  exfoliation  of  the  cpithetial  scales,  and  an 
lover-secretion  of  sebum,  from  the  glands  of  the  liair-follicles  and  iLe 
^akin.  At  times,  tlie^e  partJden  collect  into  tliin  ivliitiali  i-ctdes.  In 
severe  cases,  they  form  yellowish  crusw.  Fig.  SS8  shows  these  condi- 
tions very  well. 

The  nutrition  of  the  Btructures  about,  the  edge  of  the  lid  is  nffectcd. 
tXlie  cilia  are  more  rapidly  shed,  and  come  out  readily  when  an  attempt 
[ifl  made  to  remove  the  adherent  secretion.     The  [>:itient-s  complain  of 

no.  338. 
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fdicht  itching.  The  eyes  burn  atid  redden  easily  on  expomre  to  wind 
ftoa  dust,  or  when  the  patient  faet-^  the  glare  and  heat  of  artificial  lif;ht, 
In  the  Taut  mnjority  of  such  eases,  this  local  congestion  of  the  evcbal! 
and  edge  of  the  Ucl  is  primarily  a  rellex  vascular  disturbance  that  is 
due  to  the  strain  of  the  ciliary  and  converging  muscles  of  a  hypenue- 
tropic  eye  in  ita  endeavor  to  neutralize  its  deficient  power  in  focussing 
near-work.  All  such  casea  j^el  better  with  rest.  Where  the  refrac- 
tion is  not  properly  correctc<l  by  convex  glasses,  the  symptoms  are 
aggrmvatetl  and  made  chronic  by  persistent  use  of  the  eyes  for  near- 
work.  Such  a  state  of  chronic  congestion  and  thickening,  which  has 
lasted  a  lifetime,  is  often  seen  in  literary  men,  watchmakers,  and 
sewing-women. 

In  treatment,  the  first  duty  is  to  examine  the  eyes  and  correct  any 
hypermetropia  or  a»tigma,ti»m  by  appropriate  glasses,  for  without  such 
correewon  all  Iwal  afiplii'alinna  lead  to  but  temporary  improvement. 
Locally,  the  wlhering  epidermic  masses  should  be  softened  either  by 
washing  the  edges  of  the  lid  with  warm  water  or  by  the  application  of 
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hot  compreeses  to  Ibem  Tor  ten  minutes  at  a  time.  The  aofieiieil 
cruste  should  he  remove<l  by  rubbing  them  with  a  linen  rag  that  has  b«<*B 
pulled  over  the  fore&nger,  or  M-iLh  the  cilia- forceps.  A  minute  portion 
of  an  ointment  of  vaaeUno  or  lanolin  containing  two  grains  of  ammo- 
niate<l  chloride  of  mercury  to  the  drachm,  or  a  simihir  ntrength  of  reJ 
or  yellow  precipitate,  should  then  be  gently  rubbed  into  llie  roots  of  the 
eyelashes  with  the  finger.  Care*  taboiihl  hv  taken  that  none  of  the  oint* 
ment  reaches  the  conjunctival  sac,  as  ic  would  thirs  give  rise  to  unneces- 
»ary  burning  and  pain. 

Eczfmatou*  or  ulciroue  hltpharkit  is  a  much  more  severe  aflfection. 
It  ifl  far  more  commonly  found  in  feeble,  ill-nourished,  scrofulous 
children  than  it  Is  in  adulw.      In  the  former,  it  is  fr«]uentlv  actfom- 

fanied  by  pLlycteiiuUr  infiammatiuii  of  the  coigunctiva  ami  cornea, 
n  the  milder  formfl,  a  few  cilia  that  are  imbedded  in  drie<l  pus  and 
epithelini  ucales.  the  whole  forming  a  conical  mai>8  with  ita  point  outward 
and  toward  the  edge  of  the  lids,  can  be  seen.  A  part  of  the  ciliary 
border  of  the  lid  that  is  comparatively  normal,  next  follows,  this  beiBjj 
8u(xeeded  by  another  mass  of  cilia  that  is  coated  with  a  yellowish  crust. 
Tm  the  severer  forma,  the  entire  edge  of  t]io  lids  is  attacfeed.  Often,  all 
four  1i(U  are  involved.  In  the<te  latter  formit,  the  entire  margiD*  are 
covered  with  u  thick  yellowish  crust,  through  vrhicli  the  ctlla  protrude. 
The  lids  are  wdetnatous,  and  their  edges  are  reddened.  On  lifting  the 
crust,  the  edge  of  the  lid  is  found  to  be  ulcerated.  Little  pita  surround 
the  cilia,  the  protruding  lash  often  appearing  "  sickly  "  and  ill-dirveloped. 
Either  the  ulceration  frequently  goes  so  far  as  to  destroy  the  hair-balbs,  or 
subsequent  processes  of  cicatrization  uiay  cause  them  to  protrude  in  an 
abnormal  position  and  to  rub  against  the  eyeball.  Where  repeated 
attacks  of  this  kind  occur,  a  proliieration  of  the  connective  tissue,  with 
thickening  of  the  Hds.  which  has  been  ileeignated  as  tyioaU,  results 
Cicatrization  of  the  tissues  in  this  condition,  often  leads  to  slight  ectro* 
pion  of  the  lowur  lid  and  to  cversion  of  the  lower  tear-point. 

The  first  step  in  the  treatment,  as  in  the  milder  form,  is  to  remore 
the  crusts.  This  should  be  done  either  at  once  with  the  cilia- forceps,  or 
by  means  of  hot-water  embrocations,  after  the  crusts  have  been  softened. 
The  patient  should  then  be  directed  to  close  his  lids,  and  the  raw  and 
ulcerated  surface  should  be  lightly  brushed  with  a  ten-grain  solution  of 
nitrate  of  silver,  the  excess  being  neutralized  with  n  solution  of  salt  in 
water  applied  with  another  swab.  A  small  amount  of  the  astringeul 
thus  applied,  finds  its  way  also  into  the  fissure  of  the  lids,  and  thus 
acts  fiivonihlyon  any  infiatnmation  of  the  conjunctiva.  This  treatment 
should  not  be  repeated  till  the  crusts  begin  to  loosen,  as  any  rough 
hiiridling  augments  intlami nation.  For  the  same  reason,  epilation  is 
objectionable.  The  later  stages  of  the  disease  may  be  treated  by  the 
mercurial  ointments  that  have  been  recommended  for  the  lighter  form 
of  blepharitis.  When  there  is  much  thickening  of  the  lid,  Horner 
paints  the  reiusuning  excoriations  and  a  two-millimeter  band  of  the  lid 
beyond  with  tincture  of  iodine  He  uses  a  small  brush  made  almost 
dry,  so  as  to  prevent  the  entrance  of  any  exces.«  of  thi^  solution  into  the 
conjunctival  sac.  Treatment  should  always  be  continued  till  the  lids 
have  lost  their  redness  and  swelling,  and  the  crusts  have  disappeared. 
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Hordeolum,  or  stye,  is  a  localized  iiifl»iiiuiation  of  the  connective 
tisaue  of  the  tarsus,  wbich  is  tender  io  the  touch,  nnd  is  accompnnieil  bj 
a  varying  amount  of  redness  and  swelling  of  the  liil.  Where  the  in- 
flnincid  tissue  lies  deep  in  l)ie  tarsus  imd  is  sitUBted  near  the  outer  angle 
of  the  liils,  so  as  to  interfere  with  the  circtilatioii  in  the  veinit  that  empty 
into  the  facial  vein,  there  may  be  so  much  n-deiua  nmi  swelling  of  the 
lids  and  conjunctiva  as  to  give  the  appearancp  of  ervaipelas  or  incipient 
purulent  conjunctivitis.  Serous  chemosia  of  the  bulbar  conjunctiva 
mav  oven  take  place.  Io  such  extreme  cases,  diagnosis  is  rendereii 
easier  by  rapidly  uiovtug  the  finger  over  the  closed  lid,  thus  usually 
revealing  the  exiittence  of  a  tender  npot  of  loeulized  inflmnmuiion. 
Sometimes,  a  small  abficeaji  forms  and  poittls  ut  the  edge  of  the  lid. 
This  should  be  punctured  nnd  the  contents  evacuated  by  presaure. 
When  the  patient  is  unwilling  to  have  the  ahacess  opened,  the  exit  of  the 
pus  may  be  generally  facilitated  by  the  employment  of  hot  compresses 
used  every  two  or  three  hours  for  ten  minutes  at  a  time. 

Ahat<9a  of  the  lid  is  goncnilly  the  result  of  inflnmmalion  that  fol- 
lows injury.  In  scrofulous  children,  it  is  often  aci-'Uinpauied  by  caries  of 
the  margin  of  the  orbit.  It  sometiuieM  followti  atlaek»  of  fucLiil  erysipelas 
ill  which  the  orbital  tissue  hn.i  become  involved.  The  lids  are  greatly 
swollen,  infiltrated,  reddish,  and  feel  liard  to  the  touch  ;  these  symptoms 
being  often  accompanied  by  pain  and  fever.  In  had  case«,  there  may 
be  sloughing  of  the  »kiu  of  the  lids,  giving  rise  to  extensive  cicatrices, 
with  Uiijopfi(haJiim»,  or  inubility  to  close  the  eyes,  and  eciropitim,  or 
eversion  of  the  eyelid.  Where,  although  the  skin  is  intact,  a  depressed 
cicatrix,  and  at  times,  a  fistula  lending  to  carious  bone,  is  present,  the 
orbital  tissue  is  affected. 

If,  after  a  blow  on  the  eye.  there  is  great  swelling  of  the  lids,  iced 
compresses  will  often  be  effective  in  reducing  inflammation  und  prevent- 
ing suppuration.  As  soon,  however,  as  an  abscess  is  diagnosticated,  it 
sliuuld  be  opened  and  its  cavity  very  gently  syringed  with  a  dilute 
solution  of  bichloride  of  mercury. 

ChalanoH  is  the  term  that  is  applied  to  a  small  tumor  tJiat  is  caused 
by  chronic  inflamraation  of  a  Meibomian  glaiul  or  some  of  its  follicles. 
The  growth  varies  in  size  from  that  of  a  split-pea  to  that  of  a  stmall 
olive.  It  is  situated  deep  in  the  tarsal  tissue.  It  is  hard  and  tense  to 
the  touch,  and  the  akin  moves  freely  over  it.  The  contents  of  the  sac 
consist  either  of  a  gelatinous  mass  of  cells  in  the  process  of  fatty  de- 
generation, or  of  puH.     Fig.  389  represents  a  modcrate-sixcd  chalazion. 

If  chalazia  are  allowed  to  develop,  they  beeome  firmly  attached  to 
the  conjunctiva  of  the  tarsus  by  persi-Jtent  periglandular  inflammation, 
and  cause  the  surface  over  the  aEFetted  «rea  to  become  unduly  red  and 
inflamed.  Finally,  the  conjunctiva  gives  way,  and  granulations  from 
the  underlying  connective  tissue  sprout  on  its  surliice.  Where  tha. 
growth  ha.>*  reached  tlii.i  advanced  singe,  it  is  best  to  incise  it  from  the 
conjunctival  surface,  press  out  the  contents,  and  cauteriie  or  Bcra|ie  its 
walls  so  as  to  produce  adhesive  inflammation.  Care  tjhould  he  taken 
not  to  cauterize  it  so  freely  as  to  cause  contniction  that  will  be  sufficient 
to  produce  partial  cntropium.  Where  the  adhesion  to  the  conjunctiva 
is  less  extensive,  the  lids  should  be  compressed  by  a  clamp,  to  prevent 
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bemorrfaage.  An  iDcision  should  be  made  in  the  skin  over  tbe  tumor 
parallel  to  the  ct'ursc  of  the  fibres  of  the  orbicularis  mascle.  TU 
mascte-Gbres  should  b»  divided  in  the  same  direction  and  pushed  to  one 
«de.  laying  bare  the  ycllowiith-whito  and  shining  walls  of  the  sac.  The 
growth  is  next  to  b«  putted  gently  forward  by  a  l«naculuni  and  tlieo 
carefullv  dissected  out.  Wlien  it  lies  deep,  and  h  firmly  ailacbed  to 
the  conjanctiva,  it  is  impossible  to  remove  it  completely  without  niaking 
a  butloD'hole  in  the  mucous  raetnbrnue,  an  accident  that  should  xlwan 
be  avuded  as  far  as  possible,  so  us  to  prevont  cicatrization  which  might 
catufr  ddbrmitj  of  the  lid.  If  the  incision  be  of  any  size,  two  or  three 
aoiures  had  better  be  applied.  A  ehalaxinn.  l>eing  parel^r  a  local  con- 
dition, never  retumn,  if  once  tlioroughly  removeit. 

Via.  330. 


According  to  Fuchs.'  a  chalazion  is  primarily  a  chronic  inBamraarion 
of  some  of  the  lohules  of  a  Meibomian  gland,  causing  hvperplasia  of 
the  epithelium  and  retention  of  the  secretion.  Tlic  connective  tissue 
outside  of  the  afl'ected  lobules  continues  to  proliferate  nntil  it  fonw 
a  mass  of  granulation-tissue  which  fuses  together  the  coniigaons 
lobules  and  tbrms  a  firm  lump.  The  contents  of  the  tumor  at  this 
stage  consist  of  granulation-tissue.  Later,  this  ti.<»ue  takes  on  colloid 
degeneration.  Giant  cella  are  always  present,  some  arising  fron  the 
epitheliam  and  othera  from  the  granulation  cella. 

V^accinal  eruption  on  the  et/elnit,  when  generally  seen,  presents  itself 
as  an  ulcer  with  an  indurated  border  nnd  yellowish  floor.  It  ig  accotn- 
puuied  by  considerable  swelling  of  the  lids  an<l  face  nnd  by  enlargement 
of  the  pre-auricular  glaud.  According  to  Schirmer.*  a  deep  keratitis 
and  carious  concentric  circles  of  corneal  haze,  which  seem  to  be  at  a 
deeper  level  in  this  membrane,  are  sometimes  associated  with  it. 

Epithelioma  of  the  t-yelids  generally  develops  in  the  skin  near  the 
ciliary  margin.     It  first  makes  its  appeftrance  in  the  form  of  omall,  bard 
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excrescences  that  soon  show  a  tendency  to  ulcerate.  The  e<lges  of  the 
ulcer  are  incjunited.  nnd  the  walls  are  undermined.  When  it  is  situated 
near  the  iDner  angle  nf  the  lids.  It  is  prone  to  spread  to  the  ciiruncle 
and  the  nose.  It  usually  occura  in  middle-aged  and  elderly  people- 
With  the  exception  of  u  setisc  of  itching  after  ulccrntion,  it  pro- 
dncei*  bat  little  discomfort.  If  it  in  kept  clean,  and  ia  not  scratched 
or  irritated  by  caustics,  it  often  remains  alniost  slatiuiiary  for  many 
years.  If  it  eihibita  a  tctidenry  to  spread,  it  is  best  treated  hy  ex- 
cising the  portion  of  the  lid  iliat  includes  the  tnmor,  and  replacing  the 
lost  tissue.  When  it  luw  attacked  the  buUiar  conjunctiva,  itny  operation 
(hat  does  not  include  iniicleation  of  the  eyeball,  usually  fails  to  prevent 
recurrence.  The  disease  is  sometimes  ditfiuuit  to  distinjiuish  from 
indurated  chancre.  The  latter,  however,  generally  occurs  in  younger 
subjects  and  is  often  accompanied  by  other  symptoms  of  syphilis. 
Tuberculous  ulcers,  which  closely  resemble  the  t>yphilitic  and  the  epi- 
theliomatous  tvpea,  appear  almost  exclusively  in  the  young.  Moreover, 
some  of  the  deeper-seated  tuberculous  liHeue  that  ha«  been  snippeil 
from  the  walla  or  hotlinn  of  llic  ulcer,  will  generully  exhibit  the  charac- 
teristic bacilli. 

Lupit*  may  at  times  attack  the  eyelids.  If  it  is  seen  in  its  early 
stages,  it  should  be  cauterired.  If  the  growth  is  more  advanced,  it 
should  be  excised  and  the  lid-lissue  replaced  by  some  plastic  operation. 

Lepra,  as  a  part  of  the  ocular  manifestation,  fre(|uently  attacks  the 
lids.  Fortunately,  it  is  f|uite  rare  here,  being  only  seen  in  eountries 
where  the  disease  is  endemic.  TuinorK  in  the  regiim  of  the  eyelashes 
end  in  the  eyebrows,  form  in  the  tubercular  variety.  These  cause  a  falling 
of  the  cilia  before  the  lashes  are  sufficiently  developed  to  be  visible  to 
the  naked  eye. 

PhthiriaaU  of  the  eyelashes  was  so  seldom  seen  here  before  the  vast 
emigration  of  sumo  of  the  races  uf  Eastern  Kuropc,  that  it  sometimes 
became  a  puxzle  ta  physicians  of  considerable  experience.  More  lately, 
however,  it  is  said  to  not  be  infrequently  found  in  dispensary  practice 
that  admits  a  large  contingent  of  the  lower  chisses of  these  nationalities. 
The  cases  which  the  amhor  has  observed,  h»ve  been  in  chihlren  who 
were  in  charge  of  uncleanly  people.  The  disease  is  due  to  crab-lice 
which  have  found  lodgment  in  the  hair  of  the  pubcs  and  thence  ascend 
or  are  carried  by  the  hands,  etc.,  to  the  palpebral  cilia  to  lay  tlieir  eggs. 
The  ed^e  of  the  lids  appuars  *'ficnbby,"  and  ia  strewn  with  minute 
black  points.  If  a  cilium  i.s  pulled  nut  ami  laid  under  the  microscope. 
the  ova  can  often  be  reiidily  recognized,  firmly  attached  to  the  hair. 
The  infected  parts  should  be  thoroughly  wjished  with  warm  water  nnd 
weak  solution  of  bichloride  of  mercury.  Dilute  citrine  ointmout  or  ati 
ointment  of  nmnnmifttod  mercury  should  be  subsequently  rubbed  into  iho 
infected  areas  thrw!  times  ilnily. 

Xan(hela«ma,  or  xanthoma,  is  a  disease  of  the  skin  which  often  makes 
its  first  appearance  on  the  eyelids  of  per8<ms  in  middle  life.  It  is  more 
frequent  in  females  than  in  males.  Small  opaque  yellowish  patches 
appear,  which  are  slightly  elevated  above  the  surrounding  skin.  These 
usually  varv  in  tint  from  a  light  buff  to  an  orange.  Occasionally,  they 
are  lighter  in  hue — almost  cream-colored.     The  disease,  as  it  appears 
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in  tbe  ejelids,  is  painless,  innocuous,  and  slow  in  growth.  Where, 
upon  account  of  coemetJc  effect,  remo%-Rl  la  desired,  Oiia  may  be  oisiIt 
accomplished  Ijy  exdsiun.  According  to  Duhring,'  the  dineiisc  sotite- 
ttmcs  bocomeA  general,  invading  the  pnlmR,  the  soles  of  the  feci,  the 
fuce,  the  ears,  the  flexures  of  the  joints,  the  ext rem! lies,  tiud,  IuOt,  the 
trunk.  Occasionnli}-.  the  uiaculiir  fortn  of  the  diseaae  Hllarkti  the 
mucous  ineQibrnne  of  the  lips,  gums,  tongue,  pnlafe,  nnd  trache*. 
SiiQJIar  opur^uc  piitches  have  been  found  in  tbe  spleen  and  lining  mem- 
brane of  the  ga!l-duct8.  The  diBcasc,  when  confined  to  the  skin,  coB' 
siats  of  a  new  growth  of  the  cuimective  tissue  of  that  covering,  which 
uiiilergoea  molecular  fiitly  degeneration. 

jTmAww*  h  a  terra  that  is  applied  to  an  inverftion  of  the  cyelaahea, 
which  causes  them  to  rub  against  the  eyeball  and  irritate  it.  A  long  coti- 
tinuancc  of  the  disease  often  produces  irremediable  scars  in  the  comes. 
The  faulty  position  of  the  ciliti  is  usually  produced  by  cicntrices  situate^l 
in  the  conjunctiva.  Tlieae  cicatrices  may  be  the  result  of  bum  or  other 
injury,  but  »re  generally  due  to  granular  conjunctivitis.  In  slightcua. 
where  but  a  few  pale  and  ill-dev(;luped  cilia  are  thus  dctlected,  it  some- 
times rfquirea  careful  search  to  find  tlie  <'ause  of  the  recurring  corneal 
inflammation.  If  there  be  but  »  few  incurved  hairs,  epilation  io  a  tem- 
porary remedy.  Destruction  bygaIvanisin,faoweTer,  although  a  painfull 
procedure,  ia  effective,  being  pennanent  in  its  results.  To  perform  electro- 
lysis, a  fine  Qeedle,  connectetl  with  tbe  negative  pole  of  a  battery,  is 
intrrnluceil  into  tbe  Imir-fotliele  which  it  is  wished  to  destroy,  and  tbe 
|Kisitive  electrode,  being  covered  with  a  wet  sponge,  is  either  applied  to 
the  temple  or  to  tbe  haml  of  the  patient.  The  moment  tJiat  tlie  bulb  is 
pierced,  the  patient  is  requested  to  squeeze  the  sponge  or  tbe  sponge  is 
pressed  hard  against  the  temple.  This  causes  considerable  pain.  In  • 
moment  or  two,  the  hydrogen  liberated  by  the  destruction  of  the  water}' 
parte  of  the  tissue,  causes  a  fine  foam  to  exude  along  the  cilium.  The 
noedli-  is  then  withdrawn,  und  the  hair  may  be  either  extracted  or 
allowed  to  fall  out.  In  ilie  majorily  of  cases,  if  the  hair-follicle  has  beet* 
thoroughly  destroyed,  the  eyelash  is  not  reproduced.  When  the  entire 
or  any  cunHiderablc  piirt  of  tbu  row  of  lashes  is  turned  inward,  some 
operation  for  transplanting  the  cilia  is  called  for. 

I>utichiasit  is  Haid  to  exist  where  one  row  of  cilia  still  points  oatwardi 
while  the  inner  row  is  drawn  in  against  the  eyeball.  Its  causeB  an 
essentially  the  same  as  those  of  tricbiasis.  Treatment  is  also  the  same 
OS  for  that  disease.  Occasionally,  it  appears  as  a  congenital  defect  in 
an  otherwise  normal  lid. 

Entrovium  is  the  tcnn  used  to  denote  the  condition  in  which  the  enl 
edge  of  liie  lid  is  turned  inward,  and  the  skin-surface  is  brnugbl  in 
tact  with  the  eyebidl.  Like  trichiasis,  it  is  most  generally  due  to 
degenerative  and  cicatricial  changes  that  follow  granolar  conjunctivitis. 
A  slight  degree  of  it  is  always  seen  after  the  enucleation  of  en  eyeball. 
In  sucli  cases,  ihesupport  of  the  lid  baa  been  removed,  thus  allowiug  the 
orbicularis  muscle  to  turn  the  free  edge  of  the  lid  inward.  This  fonn  of 
enti-opiuni  is  corrected  by  the  insertion  of  an  artificial  eye.      In  old 
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^wbose  skin  is  lax  ao'i  thin.and  tn  whom,  owing  t?  tiie  conforma- 
if  tbc  face  or  disnppeamiice  of  orbital  fat.  tKe  eye  lie^  deep  in 
bit,  a  spastic  entTOpium  is  often  protluced  by  ban«inging  the  eye. 
Here  tbc  irritation  uf  the  conjunctiva  causes  u  spasmodic  contraction  of 
that  pnrticin  nf  the  orbicularis  muacle  that  is  near  the  edge  of  the  IJd, 

ttliQS  turning  tlie  free  edge  i>(  the  eyelid  agaiiiMl  the  eyeball. 
Eetropium  is  often  produced  by  anv  cit.-ntrix  which  aliortens  the  skin  of 
the  upper  or  the  lower  lid.  When  tlierc  is  complete  eversion,  the  con- 
junctiva becomes  iiitiamcd,  and  shows  a  marked  contrast  in  vascularity 
and  velvety  appenrance  between  its  tarsal  portion  which  is  papillary  and 
its  retrotarHnI  part  wbich  Ik  non-papilbiry.   The  citrtieu  becomes  dry  and 

■  is  expcKied  tu  du8t  anil  foreign  badie:^,  by  being  no  longer  liatheil  with 
tears  through  the  constant  winking  of  the  lid.  Occasionally,  where  the 
lids  arcstifl'and  infiltratetl  from  chronic  inikmrnation  of  the  conjunctiva, 
there  arc  slight  degrees  nf  spastic  ectropium.  This  tendency  to  eversicm 
'i»  augineiited,  by  an  undue  cotilniution  of  the  peripheral  bundles  of  the 
orhicularis  musnile.  In  old  people,  owing  todefectivc  innervation  of  this 
muscle,  the  lower  lid  sometimes  drops  away  from  the  eyeball,  thus 
allowing  the  tears  to  (low  over  the  cheek.  In  paralyeis  of  the  orbico- 
Inris.  there  is  a  still  more  marked  sinking  of  the  lower  lid.  In  fact,  the 
Bow  of  teara  over  the  cheek  is  frequently  the  first  sign  of  facial  palsy. 

■  Division  of  tbc  canaliculus  sometimes  helps  to  better  drain  the  tean. 
The  use  of  the  constant  current  of  electricity,  with  proper  alterative 
medicine,  often  helpa  the  paralytic  form.  In  uiuny  such  cases,  however, 
and  in  all  ectropium!)  of  cicatricinl  type,  operative  inea^sures  are  neces- 
sary. 

»Anktf(<ibh-phtiron  is  a  name  that  is  given  to  the  growing  together  of 
the  two  eyelids.  It  is  generally  the  result  of  hums  or  sloughs.  From 
the  nature  of  the  injuries  causing  it,  it  is  often  accompanietl  hy  tmn- 

Iblfpharon,  or  adhcRion  of  the  lid  to  the  ball.  Where  the  entire  edges 
of  both  lids  are  adherent,  the  ankyloblepharon  U  said  to  be  total. 
If  the  ooiiditiun  exisis  without  Hvtnhlcpharon,a  simple  division  of  the 
adhesions  suffices  to  remedy  it.  When  it  is  ancompnnwl  by  extensive 
adhesions  to  the  globe,  efl^^rts  to  permanently  free  the  lids  from  the  ball 
are  frci|uenlly  nugatory.      Where  sytnblepharon  is  but  slight,  the  ela«- 

Iticiiy  of  the  bulbar  conjunctiva  may  be  made  use  of  to  prevent  reunion 
of  the  cut  surface;;.' 
Blephttrophinio*i»  is  a  term  that  is  genemlly  applied  to  a  narrowing 
of  the  outer  end  of  the  palpebral  fissure.  It  is  generally  caused  by  ulcer- 
ation and  suf>»e(|UfiLt  cicatrization  of  the  margin  of  the  lid  in  subjects 
who  have  chronic  disease  of  the  conjunctiva.  It  is  easily  remc<lied  by 
CBOthopIosty. 
Laffophthaimut  is  an  inability  to  completely  close  the  fissure  of  the 
lids.  In  slight  cases,  although  strong  efibrt  cf  the  orbicularis  mu.scle 
will  appri>xiniate  the  edges  of  the  lids  «•  normal  tension,  such  as  that 
taking  pL-ice  during  sleep,  fails  to  do  so.  Tn  consequence,  the  lower 
parts  of  the  cornea  and  bulbar  conjunctiva  are  frciuently  exposed  to 


'  TttlA«ib)KC  tM»  bern  referred  to  in  iherbafitcf  on  Injariis  in  t be  Eye  «ii4  lU  Apt)Ciid«ie«. 
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dust  and  firming.  The  usual  causes  of  tbe  cooditiou  are  complete  or 
incompli^tc  piiruly^i^  of  the  orbicularis  muscle,  cioatrioes  in  the  skin  of 
the  liJs,  aDtl  tlie  relaxation  of  the  muacle  and  ind^asitiTeness  of  the  con- 
junctiva, which  apj>?ur  in  tlic  very  ill.  Sometimes,  too.  it  mijf  be  due 
to  exophthalmos,  where,  owing  to  nndue  prominence  ol  the  eye,  the  lid* 
fail  CO  completely  cover  the  eyeball  during  sleep. 

In  mild  co^es.  it  is  sufficient  to  ItaniJage  the  eye  durin;;  sleep.  In 
more  pronounced  ones,  it  becomes  necessary  lo  diminish  the  fUsure  of 
tlie  lids  by  some  form  of  tursorrhaphy. 

Bhpharii»paitm  is  a  cmmp-libe  clofnire  of  the  lids.  It  i8  a  frequent 
symptom  of  the  various  diseases  of  the  coiyunctira  and  eyeball.  Ex- 
amples of  it  are  ilaily  seen  in  ca.<iei)  of  phlyt^^tenular  dise&se,  trichiaaii, 
and  cases  of  lodgment  of  small  foreign  bodies  in  the  cornea  and  con- 
junctival sac.  In  all  such  instances,  it  is  manifestly  rc8cx,  being  pro- 
duced by  irritation  of  the  peripheral  branches  of  the  trigeminus.  .-Vll 
grades  of  twitching  of  the  orbicularis  muscle,  from  a  barely  perceptible 
movement  of  its  superficiixl  fibres  to  a  serie.^  of  tnoHt  riolenc  conttnctiona. 
aa  seen  in  pronounce<l  cai^es  of  facial  chorea,  are  also  frequently  encoun* 
tered.  Often  there  is  no  liemonstrablu  cause  of  the  reflex  irritation. 
The  condition  is  quite  common  *in  children.  In  this  class  of  subjects, 
the  removsl  of  any  cause  that  tends  to  congest  the  bulbar  cunjunctira, 
such  a.1  suitable  glasses  in  cases  of  hypermctropia  or  astigmatism,  or  the 
cure  of  any  slight  conjunctivitis,  is  often  of  marked  benefit  and  dimin- 
ishes the  freijueiicy  and  the  violence  of  the  spaemodic  attack.  Itgeoer^ 
ally  failtt.  Iiawever,  lo  cure  it.  The  twitching  in  such  cases  is  usually  one- 
sided. If  it  be  bilateral,  it  is  much  more  frequent  and  more  pronounctHl 
on  one  aide.  In  hysterical  subjects,  a  cramp  of  the  orbicularis  ronscle 
may  be  found.  This  variety  is  of  much  longer  duration  and  baa  com- 
plete closure  of  tlio  lids  associatetl  with  it.  The  frequent  blinking  seen 
in  old  people  is  ordinarily  either  a  part  of  some  form  of  tic.  or  is  due 
to  conjunctival  irritation,  producing  a  low-grade  spttsoiodic  action  of 
the  lids. 

Parnlytia  nf  the  orhicuhrh.  Inasmuch  as  the  orbicularis  muscle  is 
innervated  by  the  facial  nerve,  it  may  he  either  partially  or  completely 
paralyzed  by  disease  of  the  related  cerebral  centres  or  of  any  portion  of 
the  nerve  itself  By  far  the  most  common  cause  of  the  condition  is 
either  a  neuritis  or  a  pressure  upon  the  nerve  in  the  aqueilact  of  Fal- 
lopins  or  in  the  vicinity  of  the  stvlo-roastoid  foramen.  Where  the 
paralysis  is  due  to  intra-cranial  disease,  the  fibres  of  the  nerve  supplying 
the  muscles  about  the  mouth  are  more  affected  than  those  supplying  the 
orbicularis  muscle.  From  their  close  proximity  to  the  auditory  nerve  al^o, 
such  intra-cranial  adcctinns  are  a[it  to  produce  deafness.  In  some  cases, 
the  uvula  is  deviated  to  the  sound  side.  This  occurs  when  the  lesion  is 
situated  anteriorly  to  the  point  where  the  larger  superficial  jtetrosal  nerve 
is  given  off*.  If  the  amditions  be  accompanied  by  hemiplegia,  the  facial 
palsy  may  be  on  either  side.  When  it  is  on  the  same  side,  the  disease 
18  (miuontly  located  in  the  optic  thalamus  or  corpus  striatum  of  the 
opposite  side  of  the  brain :  this  form  of  paralysis  being  apt  to  be  partial. 
If  it  is  on  the  oppt^sitc  side  to  tbe  hemiplegia,  the  lesion  is  probably  lo 
be  found  in  the  pons  on  the  same  side  as  the  facial  paralysis.  Tbe  most 
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common  cuuses  of  orbicular  pal»^'  are  exposure  to  coltl,  injury  to  the 
fecial  nerve  either  by  disease  or  hy  opemtion  in  the  parotid  region,  dis- 
ease of  the  tempoifil  bone,  nnd  thickening  of  the  lining  membrane  of 
the  aqueduct  of  Fallojiitis  or  similar  thickeniuj^  of  ibe  dura  mater  within 
the  cranium.     According  to  Bull  and  Hansen,  paralyaia  of  the  orbicu- 

•  laris  muscle  is  of  common  occurrence  in  leprosy. 
The  troncmcnc  varies  with  the  cause.     VVIien  the  condition  has  been 
produced  by  cold,  hot  compresses  nnd   irritating  ointments  (such  as 
veratria)  are  of  advantajie,  and  are  often  aided  by  alterative  and  the 
absorbent  influence  of  small  doses  of   iodide  of  potassium.     Where 
Bvphililic  disease  ia  present,  appropriate  treatment  i^  indicated.     In  all 
oases,  the  eye  Bhouiri  be  protected  frntn  injury  by  bandage  no  arrangcil 
as  to  cloae  the  lids  during  sleep.     In  advanced  cases,  where  the  lower 
lid  droops  and  fulls  away  from  the  bull,  tarKiirrhaphy  is  indicated. 
H      P(trtiiyai»  of  tht^  irvafor  pnlpehrtr,  when  complete,  shows  itaelf  by 
Hft  drooping  of  the  upper  lid   to  such  an  extent,  tbat  the  patient  i6 
Hnnable  to  lift  the  lid  above  the  pupil,  even  by  wrinklin^  the  forehead 
^through  the  aid  of  the  oceipito-fi-ontalis  muscle.    Where  there  i»  simply 
paresis,  the  wrinkliiig  of  the  forehead  with  the  throwing  back  of  the  head 
in  the  eflort  to  bring  the  pupil  opposite  to  the  narrow  lid-Hssurc  thus 
obtained,  is  rjuite  clianicteristic.     The  condition  is  usually  associated 
with  paralysis  of  other  branches  of  the  third  pair.      When  it  manifests 
itself  without  involvement  of  the  other  branches  of  the  nerve,  or  when 
it  is  coincident  with  hemiplegia  of  the  opposite  side,  it  is  generally  held 
to  indicate  that  there  U  a  cerebral  lesion  that  is  either  situated  in  the 
cortex  or  in  the  nucleus  of  the  nerve. 
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As  tletfcribed  in  the  clmpter  on  Anatomy,  the  lacrynial  appttratm  U 
composed  of  two  purw — a  secretory  and  an  oxcretory  portion — which 
are  sepantted  by  the  conjunctival  sac.  The  tint  poi'Uou  is  but  little 
liable  to  disease,  and  rarely  calls  for  surgical  interference.  The  latter 
is  frequently  atfected,  furnishing  constant  occupation  to  the  surgeon. 

Except  83  part  of  general  abscess  of  the  orbit,  acute  or  chronic  m- 
flnnimntlon  of  the  gland  is  rare.  Although  Becker'  has  described  a 
cvlindi'oma  of  the  gland,  yet  new  grontha  uriginatiug  atrietlv  in  tlie 
gland-subdtance  are  hut  seldom  seen.  According  to  .Schmiut,'  most 
tumors  of  the  gland  originate  in  the  connective  ti*sue  of  the  8nrroun<J- 
ing  orbital  falv  The  substance  of  the  gland  has  uUo  been  found  in  a  state 
of  fatty  degeneration  and  atrophy,  which  had  been  caused  by  obliteration 
of  its  duct«  by  cicatricial  procosaea  that  have  accompanied  granular  con- 
junctivitis. 

Amongat  the  mont  prominent  diseases  of  the  lacrymal  paiisages,  the 
caniUiculi  are  frequently  misplaced  by  swelling  of  the  e<lge  uf  thelidsor 
by  cicatrices  of  the  skin  of  the  lids  and  face.  At  times,  they  may  be  mia- 
placed  by  an  enophthalniKK,  or  retraction  of  the  eyeball,  that  is  due  to  an 
absorption  of  the  orbital  fat,  thus  depriving  the  edge  of  the  lid  of  its 
accustomed  support,  Aj'ain,  there  may  be  stoppage  of  the  canaliculi  by 
fun^roid  growths,  Huch  asiEptotfirix.  If  the  displacement  or  the  stoppage 
is  likely  to  he  permanent  and  the  epiphora  be  persistent  and  annoying, 
the  resulting  condition  may  be  generally  relieved  by  converting  the 
canaliculus  into  an  open  drain  by  slitting  it.  Where  the  puncta  have 
been  closed  and  part  of  the  canaliculi  have  been  obliterate"!  by  cica- 
trices, especially  those  that  follow  burns,  it  boconioa  exceedingly  difficult 
to  find  the  c&nala  and  dilate  ttiem,  or  in  any  way  to  re-establish  perma- 
nent communication  with  the  lacrymal  sac. 

Catarrh  of  the  titcrifmal  paaaages  {BUnTwrrhwa  laeri/vuilie),  when 
chronic,  i*)  a  disease  which,  tnotigh  frequent  in  adultjs.  is  rare  in  chil- 
dren. When  it  occurs  in  subjects  that  arc  under  ten  years  of  age,  it  u 
usually  an  evidence  of  inherited  syphilis.  The  symptoms  are  watering 
of  the  eye,  swelling  of  the  upper  part  of  the  lacrymal  sac  frequent 
chronic  catarrh  of  the  conjunctiva,  and  a  low-grade  blepharitis.  The 
amount  of  swelling  varies  very  much  in  different  (awes.  Sometimes,  it 
is  barely  perceptiblej  and  at  others,  it  forms  a  large  tumor  at  the  inner 
angle  of  tiie  eye.  Pressure  on  the  sac  with  the  finger,  gives  a  sensation 
of  elastic  resistance,  which  usually  disappears  if  the  prewore  be  oon- 
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tinae^.  The  reason  for  this  is,  thnl  the  contents  of  the  sac  either 
as  a  rule  escape  through  the  cuniiUculi  into  the  conjunctival  sue.  or  more 
mrely  are  evflcuated  into  the  ruHsal  cavity.  The  fluid  which  regurgi- 
tates into  the  corijuiiciival  sac.  is  generally  yellowish.  It  is  oRen  capa- 
ble  of  being  (irnwn  into  threads.  The  amount  of  pus  in  the  discharge 
Taries  greatly.  In  many  chronic  cases,  it  is  ropy  and  transparent, 
reBemblinji;  the  white  of  an  egg. 

When  the  mucous  membrane  is  inHamcfl,  it  is  dull  reddish- hrown  in 
color,  and  prettcnts  numerous  folds  and  crypts.  Sometimes  it  is  infil- 
trated with  granulations,  such  as  are  found  in  granular  conjunctivitis. 
^Nliere  the  sac  is  tliinned  and  distended  through  chronic  inQamuiatiou, 
it  i'^  tiiucli  less  rasculnr,  and  looks  like  a  serous  membrane.  If  the  granu- 
Utifins  have  infiltrate*!  the  tissue,  they  unilei^o  fibrous  degeneration,  and 
produce  cicatrices  and  strictures.  Tlieso  latter  may  also  result  from 
ulceration  of  the  mucous  membrane.  At  times,  partial  or  complete  ob- 
literation, from  a  growing  together  of  ulcerating  folds  of  the  swollen 
lining  memhranc,  ensues,  .\rlt  says  that  li&  has  several  times  found  ihe 
lower  part  of  the  na-sal  duct  convertcil  into  a  fibrous  cord,  in  cadavers 
where  there  have  been  ulceration  and  destruction  of  tlie  alic  of  the  nose 
which  has  probably  been  syphilitic  in  nature.  The  amount  of  dilacii- 
ticQ  of  tlie  sac  varies  greatly.  In  some  instances,  it  is  sufficient  to  form 
a  tumor  large  enough  to  interfere  with  the  field  of  vision.  In  cases  of 
considerable  distention.  It  is  often  very  difficult  to  evacuate  the  contents 
by  pressure  through  the  CHualicwIi.  Tiiis  is  so.  because  these  hue  tubes 
are  so  arntngai  that  they  always  enter  the  f<iic  obliquely,  thus  causing 
the  fold  of  membrane  at  the  entrance  to  become  almost  valvedike  when 
any  rlistention  is  brought  to  boar  upon  the  walls  of  the  cavity.  It  is  by 
no  means  necessary  that  there  shall  he  complete  closure  of  the  lower 
part  of  the  duct  to  have  very  great  iltstenlion  of  the  sac,  as  the  walls  of 
the  latter,  being  softeneil  by  inflammation,  give  way  readily  in  slight 
pressure  in  those  parts  where  they  arc  covered  only  by  the  orbicularis 
muscle,  and  by  the  muscle  of  Horner.  Owing  to  obstruction  nf  the 
lower  part  of  the  duct,  the  sac  is  iiisuniciently  emptied  into  the  nose  at 
each  act  of  winking,  so  that  as  soon  an  each  pressure  of  the  orbicularis 
muscle  relaxes,  fresh  iluid  flows  in  frt»m  the  ciinjunctival  sac  to  replace 
the  small  quantity  that  has  been  driven  out.  It  has  long  been  known 
that  the  regurgitation  of  the  mucoid  ainl  purulent  fluid  contained  in 
catarrhal  lacrymal  sacs  into  the  conjunctival  sac  exercises  a  deleterious 
influence  in  many  inflammations  of  the  eyes.  Gspt>cia11y  is  this  so  in 
these  conditions,  where  there  is  any  ulceration  of  (lie  cornea  or  where 
any  cut  has  been  made  into  its  flubstance,  either  accidentallv  or  as  pari  of 
as  operation — as.  for  instance,  cataract  and  iriilectomy.  The  reaearclies 
of  Sftttler  have  shown  that  this  harmful  effect  is  probably  due  to  the  fact 
tiiat  the  contents  of  the  distended  lacrymal  sac  form  a  favorite  breeding- 
place  for  various  sorts  of  micrococci — especially  for  the  slaphylococcns 
pyogenes  aureus,  thus  giving  an  excellent  opportunity  for  directly 
infecting  any  corneal  abrasion. 

The  formation  of  the  face  has  a  great  deiil  to  do  with  the  ciilihrc  of 
the  lacrymal  passages,  and  with  the  liability  to  obstruction.  It  is 
asserted  that  individuals  with  the  fiat  scaphoid  type  of  face,  and  eyes 
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that  are  vriilely  Ke|mrntud,  are  peculiarly  ilisposeJ  to  lacrj^mal  disease. 
It  is  certain,  nowever,  thnt  such  affections  are  often  found  in  sabje«t« 
with  nari'ow  faces  and  prominent  noses.  Jieverlhcless,  it  is  evi'lent,  at 
times,  ibat  anatninical  formation  favors  the  developmcni  of  such  cliacttBcsB, 
because  in  caites  where  the  face  is  unevenly  develuped  and  the  nofte  is 
turned  to  one  side,  laorymiil  obHtniciion  in  often  found  on  the  side  where 
the  ducts  are  the  niirrovrer ;  the  other  jiide  remaining  free.  It  has  lone 
been  known  that  catarrh  of  the  nasal  passage  frequenlly  precedes  and 
causes  a  similar  condition  of  the  lacrymal  duct,  but  chronic  inflam- 
mation  of  the  conjunctiva  may  often  exist,  however,  for  a  considerable 
time  without  any  evidences  of  lacrymal  obatruction.     In  some  ca&ee, 
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Catarrhal  distention  of  the  lacrymal  sac  lasts  for  years  without  causing 
the  patient  any  marked  atinoyance  beyond  weeping  of  the  eye  and  the 
occasional  necessity  of  evacuating  the  cont«Qts  of  the  sac  by  pressure. 
In  other  instances,  ovrinf;  either  to  gradual  extension  of  inflammation  to 
surrounding  parts  or  to  ulceration  of  the  sue  itself  and  the  sudden  infec- 
tion of  the  surrounding  connective  tissue,  rapid  swelling  is  found  at  the 
inner  angle  of  the  eye,  witli  redness  and  tumefaction  of  the  lids  thai  is 
associated  with  inteaie  pain  in  tlie  InSamed  region  and  ita  vicinity. 
Fig.  ^0  represents  an  example  of  this  form  of  disease. 

In  such  cases,  purulent  inflammation  may  be  esublished,  the  abscess 
usually  pointing  just  below  the  leridon  of  the  orbicularis  muscle.  Thia 
is  known  as  daartfoeyttitigy  or  farn/miil  aliiifleu.  If  the  inflamed  parts 
in  such  a  condition  arc  undisturbeil,  the  skin  ulcerates  over  the  potuC 
just  indicated,  and  a  portion  of  the  contents  of  the  sac  escapes  through 
the  opening,  leaving  an  irregular  and  tortuous  passage  between  it  and 
the  lacrymal  sac      This  is  known  nafatuta  of  tfu  lacrimal  $aa. 
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Treattnc'nt  should  begin  bv  gentle  pressure  on  the  Irurymal  snc  with 
the  pulp  of  the  finger,  thus  forcing  the  content«  of  the  sac  either  into 
the  nose  or  into  the  conjunctival  sac.  The  conjunctiva  siir>uiil  tlien  be 
thorough!)'  cleansed  with  a  solution  of  boracic  ncid  or  bichloride  of 
mercury,  the  lids  bciiij^  uianijiulaicJ  with  the  finger  so  ns  so  induce 
Bome  of  the  fluid  to  enter  the  lacrvmul  sac.  This  procedure  is  to  be 
followe^l  by  the  employment  of  i'jmv  of  the  astringents  thai  are  ordi- 
narily tispd  for  chronic  conjunctivitis,  siicti  as  sulphate  of  xinc  and 
biborate  of  sodium.  Where  there  is  conjunctival  blennorrhoaa,  the 
application  of  one-  or  two-grain  aolutiona  of  nitrate  of  silver  to  the 
membrane  by  means  of  a  swab  of  cotton,  is  advantageous.  In  mnny 
ca8C4,  much  beueSt  ia  derived  from  tlie  stituulant  elTect  of  heat.  This 
can  bo  e&flily  applied  on  the  closed  lid^  over  the  position  of  the  lacrymal 
sac,  by  pledgets  of  abitorhent  cotton  that  bave  been  imtnersecl  in  hot 
water.  The  applications  should  be  made  for  a  period  of  ten  minutes 
two  or  three  times  daily.  If  the  Sthneiderian  membmne  be  aiuiidia- 
neously  affected  with  catarrh,  advantage  may  be  derived  from  cleansing 
it  and  atinmlftling  the  mucous  mcnihrano  at  tlio  orifice  of  the  duel,  by 
carrying  a  probe  armed  with  a  small  wad  of  cotton  that  has  been  sntu- 
mted  with  u  solution  of  bichloride  of  mercury,  along  the  lower  meatus 
back  into  the  pharynx.  The  effect  thun  obtained,  may  often  be  advan- 
tageously augmented  by  the  astringent  action  of  the  fluid  extract  of 
sumach  berries,  applied  in  a  similar  manner. 

In  cases  of  long  duration,  it  will  be  necessary  to  aid  these  measures 
by  the  stimulating  oflfect  of  small  probett  on  the  mucous  membrane  of 
the  duct  itwlf,  and  by  the  direct  application  of  aatringenc  wiwhcs.  The 
probing  should  always  be  done  gently  and  with  Nos.  1  to  4  of  Bowman's 
aeries.  If  the  application  he  followed  by  even  a  few  drops  of  bluod.  it 
is  certain  that  the  delicate  and  intlnmed  mucous  membnme  h.is  been  in- 
jured, or  that  the  time  of  application  has  been  improperly  chosen — while 
the  lining  membrane  of  the  duct  is  still  too  vascular  and  inflamed,  To 
facilitate  the  introduction  of  the  probe,  and  to  prevent  torsion  of  the 
tissue  of  the  cuiuiliculuH  wlii^n  the  in^tniiiient.  having  pH.<;sed  the  dii^tancc 
of  its  length  in  the  smaller  conduit,  is  raised  to  enable  it  to  follow 
the  course  of  the  lacrymal  duel,  it  is  best  to  slit  either  the  upper  or  the 
lower  canaliculus  by  the  introduction  of  a  probe-pointed  Weber's  knife. 
The  canal  is  thus  converted  into  an  open  groove,  which  is  hidden  from 
view  and  is  immersed  in  the  tears  that  accumulate  in  the  lower  part  of 
ihe  conjunctival  sac  upon  the  lower  canaliculus  when  the  lid  is  in  place. 
This  operation  can  be  best  done  by  raising  the  handle  of  the  knife 
and  cutting  through  tlie  upper  inner  part  of  the  carnal  into  the  con- 
junctival SRC.  When  the  upper  cinaliciilue  is  to  be  cut,  the  handle 
of  the  kuife  should  he  depressed  and  the  incision  made  down  and  in. 
In  many  cases,  the  procedure  prcaenta  no  difficulty.  In  some  instance.3, 
however,  the  lacrymal  point  is  so  contracted  that  a  magnifying-glass 
must  be  used  to  lind  it  before  it  can  be  dilated  with  a  pin  or  small 
conical  probe.  In  any  case,  the  opening  of  the  duct  is  more  easily  effected 
when  the  orbicularis  muscle  is  put  on  the  stretch  by  pulling  on  the  over- 
lying skin  at  the  outer canthus.  Most  surgeons  prefer  to  open  the  lower 
canaliculns.     The  slitting  of  the  canaliculus  having  been  accomplished. 


572 


DISBASKS    or   THB    LACRTHAL    APPARATUS. 


ami  the  lid  sliU  being  k«pe  on  the  stretch,  one  of  Bowman's  probes 
shoiilii  he  Ro  intmiliiccil  ttiai  its  point  alidos  along  the  anterior  watt  of 
the  little  nrtificiHily-ninilo  graovc,  till  it  roaches  and  cnlcre  the  tacrrnuil 
sac.  The  sensation  of  the  hand  guiding  the  probe  uaually  givee  infor- 
mation aa  to  when  entriuice  into  the  sac  \ian  been  made.  If  there  in 
any  uncertainty,  the  instritment  may  be  advanced  till  it  cornea  in  contaei 
with  the  inner  wall  of  the  sac,  at  the  groove  of  the  lacrymal  bone. 
When   this  situation  has  been  reached,  the  point  of  the  iuatnimeot  is 

Fl«.  HI. 


.^- 


Method  of  iuaertlns  8awni«ii'a  ptDb*. 

slightly  retracted,  its  outer  end  ctei'ntcil  and  its  inner  extremity  gently 
coaxed  down  into  the  noae  through  the  nawil  duct.  The  course  of  tlie 
duct  imd  the  pn>per  position  of  tlie  instnimfiit  is  best  ascertained  by 
the  operator  drawing  an  imaginary  tine  from  the  centre  of  the  tendon 
(>f  the  orbicularis  muscle  to  the  fold  of  stein  that  is  situated  between  the 
ata  of  the  nose  and  the  chectc.  He  should  remember  that  when  the  point 
of  the  probe  is  in  proper  position,  it  wilt  lie  on  the  tloor  of  the  nose 
about  one  and  a  quarter  inclieft  behind  the  lower  extremity  of  this  linet. 
When  the  operation  ia  carefully  done,  a  small  quantity  of  tear*  geaeniUv 
flows  into  the  nose  alongside  of  the  probe,  causing  many  piticuie  to  use 
their  handkerchief  and  to  be  conscious  that  that  side  of  the  nose  lias 
become  wet.  The  probe  should  be  allowed  to  remain  in  position  for 
from  five  miimlcB  to  half  an  hour,  tlie  time  varying  with  the  sensitive- 
ness of  the  canal  and  the  feeling  of  pressure  and  discomfort.     It  should 
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be  withdrawn  alowly  and  gently.  Fine  probes  may  ordinarily  be  intro- 
daced  through  the  inUcl  piiiictutii  ami  cantiliculue.  Tfiis  mttliod  of 
treatment  was  advocated  and  prnctised  bv  TraverB  and  by  Hayit.  The 
disiid vantages  consist  in  the  torsion  of  the  tissues  surrounding  ihe 
canaliculus,  and  the  fact  tbat  as  the  patient  usually  contracts  the  orbicu- 
laris muscle  and  thus  grips  tlie  probe  and  holds  it  with  more  or  leas  force, 
accurate  judgment  as  to  how  much  of  the  rvsisumce  is  due  to  this  cause 
and  how  tnucbto  strieturouf  the  ihict  itself,  ih  hindered  to  some  extent. 
The  method  of  introducing  a  lacrymnl  probe  through  the  lower  canalicu- 
lus is  graphically  shown  in  Fig.  341.  The  lower  lid  liai'ing  been 
firmly  but  gently  pulled  downward  and  outward,  so  as  to  put  the  lower 
canaliculus  on  the  stretch,  tbe  point  of  the  probe  is  engagetl  in  the 
riunciura.  This  having  been  accomplished,  the  distal  end  of  the  probe 
19  lowered  and  the  point  pushed  upward  and  towai-d  the  meilian  line 
until  it  enters  the  lacrymid  sac.  The  lower  lid  is  tlieii  released  and  the 
handle  of  the  probe  in  rotated  upward  (as  shown  by  the  dotted  lmo!t)lin 
tbe  instnimetit  asaumes  a  vertical  position.  The  point  h  then  gently 
pushed  downward  in  the  direction  of  the  lucrymat  duct  until  it  reaches 
the  floor  of  the  nose, 

In  many  instances,  much  can  be  done  to  hapten  a  cure  by  careful 
and  thorough  waahing  of  tbe  duct.  This  is  beat  effected  by  introducing 
a  hollow  probe  that  is  equivalent  in  .tize  to  a  No.  2  or  No.  3  of  Bow- 
miui's  series,  and  forcing  fluid  through  it  from  the  nozzle  of  a  small 
syringe  that  has  been  inserte4l  into  its  upper  end.  Then,  whilHt  gently 
withdrawing  the  probe  into  various  positions,  the  syringe  should  D« 
repeatedly  filled  and  emptied,  thus  insuring  a  thorough  cleansing  of  the 
entire  length  of  the  sac.  Solutions  of  ebloridc  of  80<lium,  boracic  acid, 
bichloridi;  of  mercury,  sulphate  of  xinc,  peroxide  of  hydrogen,  and 
dilute  glycerolc  of  tannin,  are  among  the  bofit  applications.  In  very 
chronic  cases,  where  there  is  a  persistent  purulent  discharge,  a  one-half- 
pmin  solution  of  nitrate  of  silver  is  admissible.  It  should  he  remem- 
bered, however,  that  ibis  drug  is  likely  to  cause  severe  inflammatory 
leaction  in  cases  that  are  not  properly  selected.  In  any  case,  the 
solutions  should  be  of  less  strength  than  those  which  can  be  safely 
applied  to  tbe  conjunctiva.  This  is  so  because  tlie  mucous  membrane 
of  the  sac  cannot  be  insfiecied  and  any  excDsa  of  the  application 
CJinnnt  l»c  rcfldily  wojfhed  off. 

In  most  instances,  tbe  disease  is  chronic  and  relapses  are  frequent. 
Tbe  patients,  as  a  rule,  are  mucli  less  annoyed  in  summer  by  the  tears 
rnnning  over  the  cheeks.  In  winter  or  in  bleak,  hlusterj-  weather, 
there  is  nn  aggravotion  of  the  affection. 

In  the  scrofulous,  much  may  be  gained  by  improving  the  general 
nutrition  of  the  patient  by  iodide  ot  iron  and  other  appropriate  tunica. 
In  the  Hvphilitic,  and  even  in  many  canes  where  no  aticli  taint  is  demon- 
strable, io<lide  of  potaasiiim  is  useful.  Several  writers,  notably  Weber 
in  Germany,  and  Theobald  in  this  country,  have  advocated  the  use  of 
large  probes  in  the  treatment  of  lacrymal  affections.  The  anthor  does 
not  share  their  views,  and  would  advise  the  avoidnnce  of  all  probes 
larger  than  No.  6  of  the  Bowman  scries.  He  believes  that  such  affections 
arc  best  treated  by  the  means  above  indicated,  and  that,  in  most  caaes,  a 
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No.  4  probe  is  sufficient  Where  the  patient  cannot  be  seen  frequeoiljf, 
the  introduction  of  styles  of  lead  wire  or  catjk^ut  into  tlic  lacr^'oial  duct 
is  sometimes  advonta^eouB.  As  daciTocystiiis  is  usunllj  nccompanicH 
hy  intense  piiin,  that  cim  he  pronipll^'  allayed  by  evacuntion  of  the 
abscess,  this  in  many  instances  ctin  be  readily  Bcoomplished  by  slitting 
the  canaltculuit  with  n  Weber's  Itnife  and  freely  dividing  the  entrance 
into  the  Incrymai  sac.  In  cases  M-here  the  al^cess  has  pointed,  it  is 
best  to  open  it  from  the  outside.  This  may  be  done  by  making  h  small 
incision  with  a  scnlpcl  or  a  straight  bistoury  juiit  under  the  tendon  of 
the  orbicularis  muscle.  In  performing  this,  the  huudleof  the  iuKtninient 
la  held  so  n:*  to  biiiwct  »n  imaginary  line  that  is  dravn  from  the  hU  of 
the  nose  to  the  external  canthus.  The  knife  is  then  carried  back  till  its 
point  touches  the  lacrymal  hone,  nnd  is  slightly  retracted,  thus  causing 
it«  outer  end  to  be  elevated  almost  to  a  vertical  position  and  perinilting 
the  blade  to  readily  slip  into  the  nasal  duct.  The  suppuniting  stc 
should  be  carefully  washed  daily.  Tlie  fistula  on  the  cheek  is  to  be  kept 
open  tiU  the  inDummutiuu  sutsiides.  After  inllauimatiuti  has  ceased, 
careful  probing  should  ha  attempted,  and  the  treatment  preriously 
described,  in.itituted.  As  soon  as  the  swelling  of  the  raucous  membrane 
hns  disappeared  and  the  duct  has  become  patulous,  the  opening  in  the 
akin  will  rentlily  close. 

When  treatment  of  confirmed  and  chronic  casee  is  unavailing,  and 
the  patients  are  subject  to  recurrent  inflatnmalion,  it  is  costomary  to 
attempt  obliteration  of  the  sac.  This  may  be  performed  by  either  dift- 
secting  out  the  upper  part  of  the  sac,  or  destroying  it  by  nitmce  oi 
silver,  caustic  potash,  or  the  galvano-cautery.  Treatment  hy  anv 
method,  however,  gives  rise  to  subsequent  retraction  which  is  apt  to 
leave  an  unsightly  scar.  To  remedy  this  disfigurement  and  to  put  h 
permanent  atop  to  bicrymatioii,  Ziichnriidi  Lawrence  advised  the  extir- 
pation of  the  tear-gland.  Mo8t  aurgeons,  however,  think  the  severity 
of  the  operation  to  be  disproportioned  to  the  results  that  are  obtained. 
Of  late  yeare,  Weckcr  lias  proposed  a  substitute  for  this  operation  which 
secnia  to  promise  as  gooii  results  from  a  less  extensive  procedure.  He 
everts  the  lids,  soisies  the  conjunctiva  which  covers  the  prolapsed  sub- 
sidiary gland  with  toothed  forceps,  and  dissects  it  off.  After  this  i»  done. 
he  excises  the  little  lobules  and  the  emiMary  ducts  of  both  the  subsidiary 
and  the  main  glands,  with  a  hook,  as  taey  successively  make  their 
appearance.  In  this  o])eraiiun,  the  wound  is  confined  to  the  conjunc- 
tival sac  and  heal.s  readily. 
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Altuouob  diseases  of  the  orbit  form  but  a  small  proportion  of  those 
ibat  come  under  the  notice  of  ihe  ophthaltnic  surgeon,  yet  they  are  im- 
portiiDt  by  reason  of  the  difficultits  of  diagnosis  and  the  danger  with 
which  mniiy  of  ibeiii  are  fraught  to  life  nml  eyesight. 

By  reference  to  Fig.  '20,  it  ciin  be  seen  how  a  very  slight  increase  in 
the  volume  of  ihe  orbital  contents  will,  by  pressure  on  the  unyielding 
walla,  cause  the  eyeball  to  push  the  eyelids  forward,  and  how.  if  the 
swelling  be  continued,  the  eyeball  wilt  separate  the  lids  and  project  in 
front  of  ihem. 

Pftrtottitiit  of  the  orhtt  may  bo  either  acute  or  chronic.  The  latter 
form  is  the  more  frequent,  being  especially  seen  among  young  scrofu- 
lons  subjects.  The  sympioniH  conaiKi  in  dull  puin  in  and  around  the 
orbit,  swelling  of  the  lids,  and  painful  or  impeded  motion  in  the  eye- 
Iwll.  The  eycboll  itself  is  prominent  and  tender  to  the  toucli,  this 
tenderness  being  usoally  intensified  and  localized  near  the  diseased 
portion  of  the  bone.  In  the  acute  variety,  these  symptonm  are  more 
intenM,  and  are  frec|ucntly  accompanied  by  general  disturbance,  such 
as  dixziness,  fever,  and  vomiting.  In  Hsvere  caseft,  there  is  a  marked 
tendency  to  the  Involvement  of  the  entire  orbital  tiesues  and  to  the 
formation  of  abscess.  When  the  diseaw  is  chronic,  the  swelling  is 
oAen  hard  to  the  touch,  but  slightly  movable  on  its  base,  and  accom- 
panied with  moderate  exophthalmus.  On  opening  the  alrace.«a,  e-tit  is 
given  to  a  6mall  (juantity  of  thin  sanions  pus.  If  a  probe  be  introduced 
int«  the  opening,  it  will  encounter  thickened  periosteam,  and  at  titne«, 
some  amall  areaa  of  bare  carious  bone. 

In  acute  cases,  hot  fomentations  should  be  used.  If  pus  be  present, 
an  incision  sliouhl  be  made  with  a  bistoury  so  as  to  give  vent  to  it.  the 
opening  thus  produced  being  kept  patulon.<t  by  dm inugc- tubes.  In 
cases  which  have  been  either  intentionally  or  spontaneouvty  opened,  tlte 
same  free  drainage,  accompanied  by  fretiuent  cleansing  with  warm  wdu- 
tions  of  boracic  acid,  should  be  resorted  to.  If  probing  be  necessary, 
great  care  should  be  taken  to  have  the  instrument  and  the  fingers 
chemically  clean.  Care  shouhl  also  be  exercised  to  avoid  all  violence 
during  the  use  of  the  probe,  and  in  the  removal  of  smalt  8f({uestm,  as 
there  may  be  a  likelihood  of  thus  inducing  general  orbital  cellulitis  or 
meningitis.  Constitutionally,  quinine  ebonbl  he  freely  sidminiMered. 
Where  there  is  caries  in  the  young  and  scrofulous,  iron  and  cod-!iver 
oil  should  be  exhibited. 

Ceiivlitit  of  the  orbit.  InQammation  of  the  connective  tissue  of  the 
orbit  may  be  either  slight  or  fleverc.  In  the  former  variety,  there  are 
only  slight  protrusions  of  itie  eye  and  diminution  of  mobility ;  auch 
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oases  often  eodiog  in  resolution.  In  tlie  latter  form,  there  is  Jntcnae  pain 
in  and  arounil  t}ie  ort)it  ant)  in  tlio  brandies  of  the  irigcnitnus  of  th« 
uffcct^d  siiJe.  The  Vuh  are  swollen,  reiteiniitoaff,  and  of  a  rloskj  mi 
Ime.  The  eyeball  protrudes  either  in  the  <lirect  axis  of  the  orbit,  or, 
more  often,  ib  pushed  over  to  the  lower  inner  side  bv  the  swelling  of 
the  Ucrviual  gl&n<].  There  is  dizxinoss  and  fever.  When  the  exopb- 
tliiihnuH  ie  great,  there  often  is  partial  dilatation  oi  the  pupil  and 
iliminighed  sensibility  oC  the  cornea.  This  is  owing  to  involvement  of 
the  ciliary  nerve!<.  In  the  early  stagev  of  the  disease,  sight  is  usually 
but  little  a1!ected.  I.ut(^r,  it  h  frequently  niiicb  lessened,  and  often  is 
entirely  lost. 

According  to  the  part  of  the  optic  nerve  that  is  most  involved,  Ihen: 
will  be  relative  variations  in  the  ophthalmoscopic  appearances.  If  the 
nerve-disturbnncL'  be  far  back,  any  recognizable  intra-ocular  changts 
are  often  wnnting  during  the  first  stages  of  the  discanc.  If  the  nerve 
be  iiffecteil  at  the  entrance  of  the  central  veiiselM  or  iit  its  insertion  into 
the  ball,  there  may  be  intm-ocular  neuritis.  If  the  central  vessels  arc 
mainly  affected,  thickening  of  their  coats,  with  hemorrhage  into  the 
retina,  may  manifest  it«elf.  Should  the  point  of  attack  be  situated 
farther  back,  the  apiioamnces  of  retro-butbar  neuritis  are  more  generally 
present.  In  ojty  case,  complete  atrophy  of  the  optic  nerve  moy  follow 
ut  a  luterstuge. 

In  some  instances,  the  eyeball  is  destroyed  by  sloiigliing  of  the 
cornea.  In  others,  a  general  suppurative  inflammation  of  its  interior 
takes  place.  Again,  in  some  fortunately  rare  cn»e&.  gangrene  of  the 
lids,  eyeball,  and  orbital  tissues  ensues.  Almost  every  practitioner  hae 
had  occiLsiun  to  obsen'e  that  there  sre  a'dema  and  swellins  of  the  lid.<i 
and  orbital  tUi<u<-s  in  all  cases  of  suppurative  panophthalmitis.  Al- 
though this  may  be  slight  in  degree,  yet  its  existence  points  to  the 
danger  of  the  disease  spreading  along  the  vessels  and  giving  rise  to 
thrombosis  of  the  ophthalmic  veins  nnd  of  the  sinuses  of  the  dura 
uiuter :  eonditioas  that  may  be  followed  by  fatal  meningitis.  This 
setjuonce  of  events  is  sometimes  reversed,  the  orbital   cellulitis  bdug 

, produced  by  intni-cruiiial  diseaue  causing  thrombosis  of  the  ophthalmic 
ind  retinal  veins.     Septic  infection,  m^  for  instance,  in  the  course  of 

"puerperal  fever  or  aAer  .surgical  operations,  is  one  of  the  causes  of 
severe  orbital  cellulitis.  As  already  stated,  it  often  follows  periostitis 
of  the  orbit,  and  may  be  caused  by  fractures  of  the  orbital  walls  or  hj 
punctured  wounds  of  this  region.  Faciiil  ervsipelas  is  one  of  the  most 
Jrequcnt  causes  of  orbital  cellulitis,  and  even  after  compumtivcly  slight 
attacks,  vision  may  be  found  cither  mueli  impaired  or  entirely  abolished 
after  subttidence  of  the  swelling  of  tlie  eyelids.  Fortunately,  however, 
swelling  and  inflammation  of  the  eyelids  are  usually  the  principal 
ocular  symptoms  in  facial  erysipelas,  it  being  exceptional  to  find  the 
disease  attacking  che  connective  and  fat  tlssncs  of  the  orbit  and  giving 
rise  to  orbital  cellulitis. 

If  the  inOummation  has  reached  the  suppurative  stage,  nanu  fomen- 
tations, witli  early  but  careful  incision  into  the  absceas,  followed  by 
drainage  and  frequent  washing  with  warm  boracic  acid  solutions,  is  the 
beet  treatment.    Tho  utmost  gentleness  is  requisite  in  cleansing  the 
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'enppurating  tract.  In  making  tlie  incision,  the  bony  walls  of  the 
orhit  cannot  he  too  c&re^lly  fnllovrcd,  as  diiftregaril  of  tliU  precaution 
IDAV  readily  lead  to  a  wound  of  the  eyeball  ;  an  accident  that  would 
destrov  att  chances  of  recovery  vfilh  good  eyeBighti  and  perlia]w  render 
imnieJiate  enucleation  of  the  eyeball  necessary. 

Ten<init»  (^hijiammatwn  nf  the  oeulo-orhital fascia)  ie  characterized 

■  in  itome  cases  by  pericoracflt  injection,  thickening  of  the  sub-conJQUc- 
tival  tissue,  slight  prominence  of  the  eyeball,  and  pain  on  moving  the 
eye  or  on  pressing  it  hack  into  tlie  orbit.  In  fluch  ratics,  the  media 
^  remain  clear,  and  there  is  no  trace  of  iritis  or  chorioiditis.  The  dia- 
B  ease  is  rare,  seemingly  followin^^  colds  or  slight  attacks  of  idiopathic 
fiicial  ervsiptlfls.  Wocker'  spenka  of  a  case  of  gummatous  capHulittH. 
The  tramuBlic  variety  is  the  most  fretjuenl,  it  being  exceptionally 
encountered  after  opemtions  for   ntrahismuf).     Several   instancce  are 

•  reported  by  Mooren,  Bull,  Wecker,  and  Noyes. 
Jltematomti,  or  spontaneous  hemorrhage  into  the  orbit.  Is  so  rare  as 
to  he  among  the  curiosities  of  ophthalmic  literature.  One  of  the  most 
noted  is  the  caae  reported  by  J.  X.  Fischer,*  in  which  an  amaurotic  eye 
that  had  been  exophthalmic  for  several  years,  was  removed  on  account 
of  increase  of  proptoais  and  excessive  pain.  The  exophlhatmus  first 
appeareil  after  suppretwion  of  the  menses.  The  enucleated  orbital  tis- 
sues were  examined  hv  Kokitansky,  who  found  them  to  be  infiltrated 
with  recent  and  old  hemorrhages,  sottie  of  the  latter  being  encapsulated 
in  dense  cysts.  Eflusion  of  blood  into  the  orbibil  tissues'  following  trau- 
matism are  not  uncommon.  Almost  every  operator  has  occa»ionally 
Been  sudicient  hemorrhage  occur  when  the  optic  nerve  is  divided  tn  enu- 
cleation, to  fill  the  capsule  of  Tenon  and  to  cause  the  lids  to  become 
prominent  and  ckxsed.  Similar  Mymptoms  are  recorded  as  having  tdken 
place  during  operations  fur  HtrHhismus.  Hemorrhagic  effusions  may 
follow  penetrating  wounds  nf  the  orhit,  which  are  either  with  or  wiih- 
^■out  fracture  of  the  orbital  walls.  They  are  frequent  and  early  symp- 
^■ttHns  in  cases  of  the  latter  afTection.  Where  there  is  fnicture  of  the 
^P>alls  of  the  orbit,  there  is  sudden  exophthnlmus,  that  varies  in  degree 
wiLli  the  sangulneoim  su^u-sion  of  the  rctvotarsal  fold  and  conjunctiva. 
On  the  othnr  hand,  the  late  appearance  of  the  ccehymoBia  of  the  upper 
lid,  as  previously  described,  is  a  freiiuent  symptom  of  fracture  of  the 
roof  of  the  orhit.  Acconling  to  Friedberg,'  iiumcirrhages  into  the  orbits 
and  eyelids  without  any  fracture  of  the  orbital  walls,  are  frequently 

■  found  in  the  bodies  of  infants  that  are  born  in  severe  labors.  Espe- 
eialty  is  this  sn  where  the  forceps  has  been  employed.  Hergmann*  as- 
sert.-* that  such  hemorrhages  are  frequent  after  blows  on  the  eye  or  on 
the  frontal  or  maxillary  rc'gicin;^,  Aecttrding  to  Berlin.'  they  exist 
almo,st  inv.iriably  wherever  a  fracture  in  more  than  a  mere  fissure.     This 

•assertion  is  confirmed  by  statistics  of  Hulder,  which  show  that  in  one 
handred  and  twenty-four  wounds  of  the  cranium,  examined  l)y  him, 

'  Tb«nip«ult<)iic  oculniPo.  iRlfi.  v.  Tai, 

*  lidirbucli  iler  ntuatiiiiiloa  EuUi^uduiiKcii  uii>]  i>r|{niil4L-ticii  K nkiiUtivtMu  (M  menMubltcbcn 
Ansefl.  1U&,  S.  3.'«. 

*  Zut  Enbttehuiiguiid  niii^i)C)f«(lvr  rniclitr4«tiUrIiital<ln'.-l>r*.  Vlnihriw,  Arrhlv,  xxxl.  S.  Sfil 

*  VoTlWiniiMn  der  Kiiocbeu  dcs  Scbid^jU    ten  Uaiidbucb  dur  kHi^iii.  Spec.  Cblturgle,  Bin- 
tdUi,  111.  I. 

>  limeA  II.  Sutnbct).  rt  t0^^^. 
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there  were  «ventj-nine  orbital  fractures.  Sixty-nine  of  thes*  bad 
inCra-orbital  lieinoiThage,  wtiilc  tlie  reiiiiiining  ten  allowed  only  iliin 
layers  of  lilooil  that  were  situated  between  the  bone  and  the  perio«teatn. 
Almost  all  authors  a^ree  with  Iterlin,  when  he  ioFists  on  the  great  pix^g* 
nostic  importance  of  such  hcraorrhB(re8.  and  asatrts  that  all  such  cases 
are  nenous,  and  that  those  aceompsnied  by  fracture  of  the  roof  of  ilie 
orbits  almost  invariably  end  futally. 

Tum<ir$  of  the  nrbit.  although  most  diverse  in  character,  have  ibis  in 
cominyn.'that  as  soon  aa  tliey  acquire  any  conaiderable  sixe,  they  cause 
protrusion  of  the  eyeball  and  limitation  of  its  movenieiite.  Encephalv- 
cele  and  angioma  are  congenital.  The  most  common  malignant  varietiei 
are  sarcoma,  carcinoma,  fibro- sarcoma,  and  myxo-sarcoma.  CyliDdrona 
and  cnchondroma  arc  rare.  OsioomaiR,  which  may  be  perioflteal,  of 
either  the  cuncellouii-tiK^ue  or  the  deuae-ivory  variety,  are  seldom  en- 
couiiLcreil.  Kcliinococru^)  and  the  cy^ticerRUft  arc  the  most  fre<[uent  of 
the  parasitic  tumors.  Vancular  tumors  aUo  present  themflelvea,  the 
moat  common  being  angioma,  and  ib&t  wliich  is  cliaracterized  as  pulsat- 
ing exophthalmuR.  Where  prominence  and  limitation  of  the  tnovemeots 
of  the  eye,  with  absence  of  inflammatory  symptoms,  give  suspicion  to  the 
presence  of  a  tumor,  careful  note  as  to  the  extent  of  protrusion  of  the 
eye,  and  the  degi-ec  and  direction  of  limitation  of  its  movements,  should 
be  made-  The  tissues  ahould  bo  palpated  to  ascertain  if  the  eye  con  be 
pushed  btick  into  the  orbit  to  iiny  degree. 

Note  should  be  taken  whether  there  i«  any  pulsation,  or  purring  feeling 
communicated  to  the  palpating  linger.  Careful  auiwultation  should  be 
made  to  delertninc  whether  any  bruit  can  be  detected,  In  some  inntanceii, 
palpation  will  reveal  in  which  part  of  the  orbit  the  growth  is  most 
prominent.  CKu-asionally.  where  the  tumor  has  attained  considerable 
siie,  it  will  determine  whether  the  growth  is  hard  or  soft,  and  whether 
its  surface  is  smooth,  bossellated,  or  rough. 

As  the  starting-point  of  such  tumorii  is  ofVen  found  In  some  of  the 
adjoining  cavities  of  the  skull,  i^ucb  as  the  antrum  or  the  ethmoidal 
einuses.  iin  extended  and  rigid  examination  of  the  no(?e  and  the  roof  of 
the  mouth  is  necessary.  Where  no  tumor  can  befdt,  and  where  the  eye  is 
projected  directly  in  the  axis  of  the  orbit,  there  is  ground  for  iappoaing 
ilint  the  growth  is  situaieil  within  the  funnel-shaped  space  enclosed  by 
the  straight  inusctes  of  the  eye.  In  such  a  case,  it  is  possible  that  the 
growth  springs  from  the  optic  nerve.  In  all  cases  of  orbital  tumor, 
where  the  media  aro  not  too  cloudy,  an  ophthalmoscopic  examination 
should  be  made,  a.s  the  data  ihuH  obtained,  frequentiv  aid  in  forming  a 
correct  diagnosis.  In  the  opinion  of  the  author,  all  explnruliiry  inci- 
siou.  even  if  done  with  the  aspirating-needle  and  under  awptic  precau- 
tions, should  be  avoided  unless  both  patient  and  physician  are  prepared, 
if  necessary,  to  enter  at  once  upon  more  serious  operative  procwiures. 
Perhaps  oo  more  illustrative  example  can  be  cited  of  the  ditTiciilty  of 
diagnosis  in  these  cases  than  the  famou.-i  instance  of  the  Austrian  Field- 
Marshal  Radetsky.'  At  the  age  of  seventy,  the  patient  had  undergobi 
considerable  fatigue  and  exposure  in  the  autamn  mameuvres  of  troops. 
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At  tliis  time,  he  was  seized  witli  fever  and  violent  pain  in  the  forehead 
and  temples,  which  vra»  accompiinied  bv  inflammation  of  the  right  eye 
and  eyelids.  Upon  the  sabsidence  of  the«e  oymptouis,  a  tumor  fonned 
at  the  inner  angle  of  the  orbit.  This  whk  fullrnvtHi  by  another  growth 
that  presented  itself  at  the  outer  angle.  Three  monlhs  I»ter,  Flarer  and 
Jaej^er  were  consulted.  At  that  time,  they  found  complete  e.xophthaI- 
inua,  with  an  orbital  tumor  which  was  stony  hHi-iJ,  iind  ntieven,  and 
bofiscllated.  The  conjunctiva  wuit  inSamcd  nnd  butlied  in  sanious  mucus. 
Both  the  above-mentioned  expert:;  ilc4:ided  that  the  conditions  were 
probably  dependent  opon  a  railit^nant  scirrhous  growth.  The  course  of 
the  caae,  however,  showed  it  to  bean  abscess,  which, after  l)reaking  and 
discharging  its  contents,  allowed  the  eye  to  sink  bnck  into  its  socket. 

Anyioma  and  yuhatiuy  exophthahnm.  Angiomala  are  usually  con- 
genital. They  are  often  nssocinted  with  nrevus  of  the  eyelids.  They 
do  not  pulsate,  have  no  bruit,  are  painless,  and  increase  in  size  slowly. 
When,  however,  the  patient  is  made  to  hold  the  bead  forborne  time  in  a 
depoident  position,  they  become  decideHIy  lai-ger.  They  are  thus  distin- 
guished from  cases  of  pulsatile  exophtt)almu-4,  where,  in  addition  to 
pulsation,  a  purring  and  thrill  which  are  perceptible  both  to  the  linger 
and  to  the  ear,  simulating  aneurism,  arc  often  found.  Anatomical  exam- 
ination of  cases  of  pulsatile  e-Yopbthalmuti,  by  Nunneley  and  Saltier, 
has  generally  shown  the  exiriience  of  a  rupture  of  the  interna)  carotid 
artery  in  the  cavernous  sinus,  and  not  an  aneurism  of  the  orbit.  Such 
a  rupture  enormously  distends  the  ophthalmic  and  other  orbital  veins, 
cau.sing  them  to  pulsate. 

Pigital  couipri-saion  of  the  main  trunk  of  the  carotid  artery  in  the 
Jieck  should  always  be  thoroughly  tried  before  ligature  of  the  artery  is 
resorted  to.  One  of  the  moBt  instructive  cases  of  Cure  is  that  reported 
by  G.  C.  H«rlnn.  The  pjitienl.,n  raiiniad  conductor,  would  sit  down  in 
the  car  and  compress  his  own  carotid  during  every  interval  that  relaxa- 
tion from  duty  would  allow.  In  the  course  of  a  year,  a  perfect  cure  was 
obtained,  ^'ot  only  all  pulsation  and  tbrili  disappeared,  but  all  subjec- 
tive noises  ceased.  Sattler,  however,  asserts  that  while  intermittent 
pressure  will,  at  times,  clfect  a  cum  in  idiopathic  coses,  no  result  can 
be  obtainr^d  in  traumatic  ones  except  by  rest  and  prolniigcd  and  continuous 
compression. 

Oateotitfita  of  the  orbit  are  comparatively  rare.  They  are  usually 
painless,  and  of  very  slow  growth.  Consequently,  they  do  not  urgently 
call  for  removal,  except  for  consequent  deformity,  or  for  the  ocular  pain 
and  inHummation  that  they  cTceptionally  produce.  When  the  latter 
symptoms  set  in,  the  patient  may  sometimes  be  relieved  of  his  discom* 
fort  by  removing  the  uyeljall  without  touching  the  tumor.  This  proce- 
dure is  more  apt  to  be  advisable  where  the  tumor  is  situated  fur  back  in 
the  roof  o(  the  orbit.  Any  attempt  to  remove  a  growth  from  the  roof 
of  the  orbit  is  likely  to  fracture  the  exceedingly  thin  plate  of  bone  com- 
posing this  portion  of  the  cavity,  and  to  produce  a  meningitis  that  ii 
apt  to  be  fatal.  Where  such  growths  spring  from  the  floor  of  the  fron- 
tal sinus,  operative  interference  is  much  less  dangerous.     Berlin'  has 

Qneft  d.  SaenilBeh,  tI.,  8.  TSO. 


580 


DISSASES    OF    THE    OBDIT. 


collected  thirty-two  cases  in  which  extirpation  of  orbital  o«t«omata  hw 
been  performed.  Of  this  number,  eipht  died  (i.  e.,  twentv-five  per  cent.). 
In  the  sixteen  casea  of  this  series,  in  wliicli  the  growth  was  stuated  in 
the  roof  cjf  the  orbit,  »ix  died,  thu«  giving  a  DtortaTity  of  thirty -eight  per 
coat.  The  c»ufte  of  <leiith  in  tbefte  latter  csuku  was  a  meningitis  and  an 
encephaliti>;,  that  were  often  a^octated  with  a  conitiderahle  abjiccMin  th9 
brain-substance  near  the  seat  of  operation.  In  the  remaining  sixteen, 
but  two  died,  thus  showing  a  decrease  of  mortality  to  tweire  and  one- 
half  per  cent.  Thc^o  facts,  except  in  those  caseA  where  fracture  of  the 
orbital  plato  would  simply  result  in  opening  the  frontal  sinus,  make  the 
aalhor  agree  with  thiii  writer,  when  he  advi»e.<i  that  an  operation  for  the 
removal  of  an  osteoma  should  be  avoided  when  the  growtli  ia  situated 
on  the  upper  wall  of  the  orbit.  Osteouaata  on  the  floor  of  the  orhit, 
especially  if  of  sufficient  size  to  have  produced  exopbthalmusanJ  blind- 
ness fiT)m  atrophy  of  the  optic  nerve,  may  he  readily  removed.  This  is 
to  be  done  by  firet  enucleating  the  eyeball,  then  diaseoting  the  perioe- 
teum  from  the  base  of  the  orbit  and  breaking  up  the  tumor  with  light 
and  i-epeai«d  blowA  by  t)ie  chisel  hthI  mntleL.  If  preferrcil,  a  dental 
engine  may  be  uM;d  to  drill  hoIcA  into  the  growth  before  it  is  broken  np. 
Where  the  growth  is  situated  moi-e  anteriorly,  the  eyeball  may.ut  ttmcB. 
be  successfully  rctmned.  If  the  growth  \s  dense  and  ivory-like,  it  may 
sometimes  be  shelled  out  with  more  readiness  than  supposed,  after  open- 
ing and  dissecting  oil'  the  pcrionreum  and  enveloping  fibrous  capsule. 
More  frequeutly.  however,  the  attached  base  is  of  auch  considerable  ex- 
tent, and  the  lisaue  is  so  extremely  hard,  that  it  is  difficult  to  separate 
the  tnmor.  In  making  the  incision  to  lav  bare  th*'  tumor,  injury  to  the 
intra-orbital  nerves  and  to  the  tissues  of  the  orbicuJHris  and  lontor 
palpebiw  muscles  should,  as  far  as  practicable,  be  avoided. 

Dtrmoid  cj/»tt  of  the  orbit  are  generally  congenital,  unilocular,  mnd 
of  slow  growth.  As  a  rule,  they  contain  fatty  matter  of  vuriouB 
dcgret'S  of  consistence,  this  sometimes  being  mixed  with  hairs.  They 
are  ordinarily  supposed  to  be  of  ftptnl  origin,  caused  by  the  infolding 
of  the  extenia!  Uyers  of  the  embryo.  Wecker,  however,  WMisideru 
them  as  having  their  development  as  retention-cysts  in  the  snbslance  of 
the  skin,  and  mentions  two  cases  in  which  ho  has  seen  a  fibrous  band 
connecting  them  with  the  integument.  Thev  are  benign,  and.  apon 
account  of  their  situation  in  the  orbital  fat  outaido  of  the  funnel 
fomieil  by  the  e.xlernal  iimseleM  of  the  cyeltall,  they  arc  generally  rcndily 
removed.  It  is  said  that  where  they  are  neglected  and  are  allowed  to 
become  wry  large,  they  may  form  attachments  to  the  eye-muscles  or 
the  eyeball.  At  times,  they  may  even  invade  some  of  the  neighboring 
cavities.  No  instance,  however,  is  recorded  of  their  having  worked 
their  way  into  :he  cranium. 

The  prognosis  of  orbital  tumors  depends  upon  their  char&cter, 
position,  and  size.  In  frome  instances,  where  the  growth  is  smttll  and 
benign — as,  for  example,  in  the  dermoid  cyats  jnst  described — it  may 
be  removed  without  material  damage  to  the  eyelids  or  any  danger  to 
the  eyeball.  In  tlie  majority  of  instances,  uowevor,  where  it  has 
attained  a  considemble  size,  enucleation  of  the  eyeball  or  exenteration 
of  the  orbit  is  necessary.      In  some  desperate  cases,  the  eyelids  or 
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large  portions  of  rliem  will,  in  utiilition,  havr  to  bo  sacrificed.  In  such 
an  event,  a  plastic  operation,  to  cover  in  as  best  able  the  gaping  cavity 
left  bv  the  operation,  must  be  resorted  to. 

Exophthalmut  goitre;  Cardiac  f-xophthahnuf  i^Gra»eti'%  di»ea$e; 
Biuethw'i)  digea$e)  is  a  most  serious  malady.  Its  principal  ^vrnptoms 
may  bedivided  into  three  jiroups :  First,  increased  action  of  the  heart, 
with  n  tendency  to  dilatation  of  the  veins  of  the  face  and  the  neck  ; 
dcCMiid.  protrunioti  of  tlie  evehalls,  wicli  iliiniiiished  freiiuoiicy  of  the 
natural  winking  motion  ;  third,  enlargement  of  the  thyroid  gland.  Not 
all  (if  these  gronpings  are  necessarily  present  in  any  given  ease.  Some- 
times, the  rapid  and  tumultucus  action  of  the  heart  with  exophthalmits 
is  found  without  goitre.  lu  other  instances,  the  disturbance  of  the 
heart's  action  and  the  goitre  are  prentent  withont  the  exoplilhalmus.  In 
fiilly-dcv eloped  cases,  the  symptoms  are  very  striking.  The  eyes  are 
protuberant.  Tlie  upper  lids  are  so  retracted  that  the  conjunctiva 
abfive  the  corne;e  becomes  apparent,  giving  the  patient  a  peculiar  stare 
Mtd  a  frightened  look.     Enlargement  of  the  thyroid,  with  marked  puU 

,on  in  the  carotids,  a  rapid  feeble  pnlao  that  becomes  more  frequent 
■adia  accompanied  by  increased  rapidity  of  respiration,  and  atendency 

floshing  of  the  face  on  any  slight  meutal  or  physical  exertion,  are 
also  present.  In  the  early  stages  of  the  disease,  the  eyeball  ia 
usually  moderately  protruded,  though  it  can  be  replaced  into 
position  by  gentle  pressure  on  the  closed  lids.  As  soon  as  the  pressure 
is  reraoveci,  however,  it  again  comes  forward.  In  more  advanced  cases, 
probably  owing  to  increased  density  of  the  orbital  fat  and  of  tlie  con- 
nective lia'^iie,  this  mobility  is  lessened. 

Under  these  circumstances,  a  loud  bruit  from  the  enlarged  vessels 
within  the  orbit  can  often  be  heard  by  placing  the  ear  on  the  closed  lid. 
Even  where  the  exophthnlraus  is  slight  and  the  motions  of  the  eyes  are 
netrly  normal,  the  retraction  nf  the  upper  lids  gives  the  countenance  » 
most  peculiar  aspect.  The  rcktion  between  the  action  of  the  musclcH 
turning  each  eye  downward  and  that  of  the  orbicularis  muscle  in  closing 
tlie  lid,  is  altere<l,  causing  the  upper  lid  to  lag  when  the  patient  looks 
downward.  This  is  known  as  Grnffet  git/n.  The  diminished  fre- 
quency of  the  ordinary  involuntary  closure  of  the  lids,  allows  the  con- 
junctiva to  become  rod  and  irritated,  thus  producing  a  low  grade  of 
conjunctivitis  and  complaints  of  dryness  of  tlie  eyes.  If  the  exoph- 
thalraus  be  more  pronounced,  thi'  lids  often  fail  to  close  over  tlie  eyes 
daring  sleep.  In  .■Juch  casos,  the  corneie  become  irritated,  inflamed, 
and  may  ulcerate  from  drying  and  from  the  presence  of  minute  foreign 
bodies.  The  inflammation  may  even  spread  to  the  iris  anil  chorioid, 
producing  panoplifhaltuitis.  Basedow  relates  a  case  in  which  both  eyea 
were  thus  lost,  the  sightless  stnimp.'<.  wliich  were  covered  with  crusts  of 
dried  mucus  and  pus,  projecting  into  the  palpebrnlJissulttef.  When  the 
cornea  has  not  become  inUamed  from  exposure,  the  pupil  is  normal  in 
size,  the  iris  ii^  prniiipc  in  action,  and  accommodation  remains  unim- 
paired. In  some  Cii-'ies,  the  ophthalmoscope  shows  perfectly  normal 
diaks.  In  others,  there  is  an  undue  dilatation  of  the  arteries  and 
veins,  the  former  being  the  more  affected.     Uecker  describes  casea  in 
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whicli  tUore  was  un  arterial  pulse,  with  an  inerease  ia  the  tortaositj  »f 
the  arteries  nt  each  systole  of  the  heart. 

The  vessels  of  the  neck  are  enlarged  and  beat  violently.  The  thyroid 
is  swuilen  in  greatly  varying  dcgroi^s.  and  a  pulsatile  movement  and  a 
dUtinct  purring  senAation  can  be  felt  in  uio<4i  c&SGi  when  the  hand  n 
gently  applied  over  the  glunil.  This  form  of  goitre  ia  asaalty  softer, 
freer  from  oysts  and  hard  uiassee,  and  is  less  in  size  than  thyroid 
tumors  that  are  du«  to  other  caa»e-s.  The  heart  is  tumultuous  in 
its  action,  and  the  cardiac  dulness  ofien  extends  over  a  larger  area 
than  usual.  A  blowing  aystolic  sound  is  heard  most  disiinctly  over 
the  apex  uf  the  organ,  and  the  heurt-boat«  generally  rau^e  from 
ninety  to  otic  hundred  arid  twenty  in  the  minute.  The  radial  pulse 
is  usually  feeble.  The  patientf;  are  weak  and  cachectic,  and,  although 
very  acute  ctises  have  been  recorded  by  ^[ackenzie,  Forster.  Trooflseau. 
and  others,  the  disease  is  cnliniirily  slow  in  development.  Females  and 
adults  are  more  frequently  affected  than  males  and  children. 

In  spite  of  the  fact  that  mn-iiy  complete  recoverica  are  reported^ 
prognosis  is  serious.  Death  seeips  to  be  less  frequently  due  to  the 
progress  of  the  diseu:«e  than  it  does  from  intercurrent  afl'ections.  Aooord- 
ing  to  "Sattler,  the  Ictliul  causes  ordinarily  recordeil  are  general  debility, 
dropgy,  apoplexy.  lie.'w  frevjuently,  liemorrhage  from  the  lungs  or 
the  intestines  is  given  as  the  cause  of  death. 

The  pathology  of  the  disease  is  not  yet  well  made  out  by  autopsies. 
That  it  is  primarily  a  disorder  of  the  nervous  system,  with  imresis  of 
the  sympatliotie  fibres  causing  dilatation  of  the  bloodvessels,  which  is 
usually  most  marked  in  the  orbit  and  in  the  neck,  seems  probable. 
That  there  may  be  a  diminution  of  the  inhibitory  action  of  tbe  vagus 
on  the  heart,  is  plausible.  Thus  far,  however,  no  characteristic  changes 
have  been  found  in  the  regions  of  the  cerebrum  that  give  origin  to 
these  nerves.  The  sympathetic  ganglia  of  the  neck  bare  sometimes 
been  found  to  be  enlarged  and  anduly  vascular. 

Treatment  of  the  eye-sty miitoins  consists  in  first  corabatin»  the  con- 
junctivitis by  the  use  of  solutions  of  boracic  acid.  Should  thft  eye 
remain  open  during  sleep,  closure  of  the  lids  should  be  effected  by  a 
proper  bandage.  In  chronic  cases,  permanent  diminution  of  the  fissure 
of  the  lids  by  tarsorrhaphy  tends  not  only  to  protect  the  cornea,  but 
also  to  free  the  patient  from  the  peculiar  expression  of  alarm  that  in  so 
common  in  such  cases. 

The  coustituttoiial  treatment  consists  in  mental  and  bodily  rest,  with 
change  of  uir  anil  surroundings.  Nutritive  food,  iron,  ([uinine,  and 
heart  antl  bloodvessel  tonics,  such  as  digitalis  and  strychnine,  should  be 
exhibited.  Many  authorities  assert  that  iron  should  be  avoided  where 
the  increased  action  of  the  heart  is  very  dccideil.  Trousseau  advocates 
the  use  of  digitalis  in  doac-s  that  arc  sufficient  to  reduce  the  pulse 
markedly  below  normal. 
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SOME  OF  THE  MORE  COMMON  AND  IMPORTANT  OPERATIONS 

ON  THE  EYE. 

Ik  order  to  avoid  useleas  repetition  reganlin^  the  operative  treatment 
of  various  eye-diteaaes,  a  conciie  descriptinn  of  those  operation))  on  the 
eye  wbidi  are  most  frequently  performed  is  here  presenteil,  with  a  few 
remarks  as  to  the  (lifficuttiea  and  accidents  wbich  arc  liable  to  be  met 
with  in  undertaking  tliem. 

Ueforc  pcrformiii>:  »ny  upcration  on  tlie  eye  or  ita  appendages,  strict 
aseptic  prMautions  should  be  observed.  The  handsi  of  the  operator  and 
his  assistants  should  be  ttiuroughly  washed  with  Caatile  Boan  und  water. 
Ttie  UiiWa  should  he  cleansed  with  a  brutuli,  and  the  liaiuU  sliouiil  he 
rinse<!  with  a  one-pa rt-tc- four-thousand  solution  of  bichloride  of  mercury, 
instruments,  which  arc  to  he  kept  always  clean,  sharp,  and  pohshed. 
Id  have  their  edges  tested  and  be  imtncrscd  in  a  hath  of  absolute 
alcohol  until  needed.  During  the  operaljon,  as  the  inotruoieuts  are  re- 
moved from  thtftr  liiLCh  !ind  handed  to  the  operator,  they  uhould  bo  wiped 
dry  with  sb-torbent  cotton  that  ha»  been  wotted  wiili  alcohol.  Some  sur- 
geons prefer  to  disinfect  their  instruments  by  keeping  thecn  in  an  oven 
containing  dry  heat  that  is  sufficient  to  destroy  bacilli.  This,  however, 
is  apt  to  interfere  with  the  kccnneas  of  the  delicate  cutting  edges  of 
the  knives. 

The  fnce  of  tlie  patient  should  be  well  waahed  with  Caatile  soap  and 
water,  this  being  repeated  witii  a  solution  of  one  part  t^t  four  thouttand 
of  bichloride  of  mercury.  In  operations  on  the  eyeball,  and  in  those 
involving  the  conjunctiva,  the  conjunctival  sac  should  be  thoroughly 
cleansed  by  the  free  use  of  a  ten-grain  solution  of  horacic  acid,  f(dlowe<l 

a  one-to-eight-tliousand  solution  of  bichloride  of  mer-cury.  In  many 
'8.  it  is  necessary  to  repeat  litis  proceeding  cither  during  the  opera- 
tion or  at  its  close. 

As  a  rule,  in  major  operations  on  the  ball  of  the  eye,  where  it  is 
„  Birahle  to  keep  the  eve  quiet  after  the  operative  procedure,  it  is  best 
to  close  both  eyes  hv  the  use  of  bichloride  gau?.e  and  cotton,  and  to  im- 
mobilize them  by  a  light  bandage.  A  singk-  bandage  placed  over  the 
operated  eye  is  sufficient  for  many  cases  of  minor  character.  For  opera- 
tions on  the  eyelids,  iodoform,  aristol,  liut  sutursted  with  carhoiized  oil, 
or  colorless  vaseline  dusted  and  smeared  under  an  antiseptic  bandage, 
arc  generally  the  best  applications. 

It  must,  however,  bo  admitted  that  the  eye  is  a  very  unfavorable  Geld 
for  the  practice  of  aseptic  surgery.  This  is  mainly  owing  to  two  causes: 
first,  the  canaliculi  place  the  conjunctival  sac  in  direct  communication 
with  the  lacrymal  sac  and  the  nussi  cavities,  so  that  the  field  of  operation 

constantW  liable  to  infection  by  the  bacilli  and  micrococci  which  inhabit 
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theae  situations ;  second,  tlie  great  »eiiaiti  veness  of  tlie  anterior  segment  of 
the  eyeball  and  of  the  conjunctiva  reiii]<;rs  it  imposHible  ldurc  biclilnride 
of  mercury  and  other  antiseptics  in  the  fltrength  that  are  employed  on 
other  piirts  of  the  body,  without  producing  pain,  irritation,  and  congestion. 
The  influence'  of  the  first  cause,  which  has  become  well  understood  since 
the  rise  of  aseptic  surgery  and  the  study  of  the  micro-organisms  of  the 
tear-passages  and  conjunctival  sac,  h&a  long  been  familiar  to  eye-sur- 
geons, however,  through  the  increased  risk  of  operations  for  cataract 
and  iridectomy  in  the  preeence  of  lacrymal  obstruction. 

Jn  removing  chalazia,  it  is  generally  beet  to  allay  pain  by  instilling 
cocaine  into  the  conjunctival  sac.  At  the  same  time,  a  qnantitr  of  the 
anaeathetic  may  be  injected  under  the  skin  of  the  lid  by  the  aid  of  a 
hypodermatic  syringe.  A  Desmnrres  forceps  is  then  to  be  placed  over 
the  lid  su  that  the  imperfonite  blade  is  situated  iu  the  conjunctival  sac, 
and  the  growth  Hui-rntrnded  by  tlie  feneAtmteil  blade.  The  two  blades 
of  the  instrument  are  now  sufficiently  appmximatwl  by  the  screw  as  to 
compre.ss  all  the  surrounding  bloodvessels,  and  thus  prevent  hemorrhage. 
An  incision,  parallel  with  the  fibres  of  the  orbicularis  muscle,  ood  ex- 
tending a  slight  distance  on  each  side  of  the  growth,  is  next  to  be  made 
over  the  tumor  with  a  scalpel.  The  orbicularis  muscle  is  seJzeHl  with 
the  forceps  and  divided.  The  cut  edges  of  the  slcin  and  muscle  having 
been  pushed  to  one  side,  ami  the  glistening,  whitish  sac  of  the  clialazioo 
laid  bare,  ii  sharp  h(x>k  is  intniduoed  into  th<>  growth,  which  is  then 
slightly  pulled  forward,  thus  enabling  the  tumor  to  be  readily  dissected 
out.  'Hie  cut  edges  of  the  skio  are  united  by  two  or  three  sutures  of 
fine  black  silk.  The  clamp  is  now  removed,  this  procedure  being  fol- 
lowed by  the  escape  of  u  few  dropH  of  blood,  which  arc  readily  stopped 
by  slight  prfiwurc. 

In  cases  where  a  red  spot  wilb  enlarged  papillie  iit  seen  on  tbe  con- 
junctival surface,  it  is  certa.in  that  the  adhesions  to  the  conjunctiva  are 
BO  close  that  it  will  be  impossible  to  dissect  the  chalazion  out  without 
button-holing  that  membrane.  Where  tbe  tumor  has  opened  into  the 
conjunctival  sac,  the  incision  into  the  growth  should  be  made  through 
thitt  membrane.  This  should  bedom*  in  the  direction  of  the  Meibomian 
glands.  Tlie  contents  c:tn  tlien  be  pressed  out  with  the  fingers,  and  the 
walls  scraped  with  a  eurelte.  Some  surgeons  prefer  this  method  of 
treatment  in  all  cases.  Where  tbe  operation  is  done  by  external  incision 
the  wound  should  be  dressed  with  bichloride  gauze  that  has  been  freshly 
steeped  in  a  one  to  four  thousand  solution  of  bichloride  of  mercury. 
This  dressing  should  be  covered  with  aseptic  cotton,  the  whole  being 
retained  in  place  by  n  tight  bandage.  The  sutures  may  he  removed  on 
the  second  duy. 

TriehianU ;  Mitiehiatin.  To  relie%-e  the  discomfort  caused  by  the 
mispkced  lashes,  epilation  U  often  successfully  reported  to  by  ilie  patients 
or  their  friends.  The  operation  requires  frctjuent  repetition,  and  often 
it  is  very  difficult  to  sec  and  seize  the  small  whitish  and  distorted  oilia. 
Splitting  the  lower  lid  into  two  layers  nt  the  point  where  the  &aUv 
lashee  grow,  and  excising  the  outer  layer  in  which  tliey  are  imbodded,  ts 
often  practised.  The  resultant  cicatrization,  however,  is  apt  to  cause 
irregularity  in  the  position  of  the  remaining  cilia.    Where  the  misplaced 
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sw  in  number,  elcctrolysia  is  probably  thp  best  meann  of  (get- 
ting rii)  of  tbem.  A  fine  iiwile  atlached  to  tlie  negative  pole  of  a 
galvanic  buttery  is  introduced  carefully  into  the  hnir-bulti.  The  circuit 
IS  completed  by  causing  the  patient  to  grnsp  a  W6t  sponge  connected 
uritb  the  positive  pole,  or  by  applying  it  to  his  temple.  If  tho  operation 
be  properly  performed,  a  alight  bubbling  and  escape  of  white  froth  along 
the  needle  will  mIiow  that  tlie  intended  purpose  is  acconipIi?tIied.  The 
hair  is  tbi-n  to  be  neized  witli  a  pair  of  fort'eps  and  tpiiekly  withdrawn. 
In  themnjority  of  instiinces,  a  iingle  operation  will  gunice.  Occasionally, 
however,  it  becomes  necessary  to  repeat  the  procedure.  Klectrolyais 
thus  applied,  appears  to  cause  more  pain  than  when  performed  in  any 

■  other  part  of  the  face. 
Snellen  has.  inirnduced  an  ingenious  method  of  snaring  nilsplncod 
cilia  and  malcing  them  grow  out  of  the  siciri  of  the  lid  above  their  nonnal 
position.  To  elTect  this,  a  needle  armed  with  a  loop,  made  by  carrying 
both  ends  of  a  silk  thread  through  its  eye,  ia  carried  into  the  aper- 
ture of  the  hair-fyllicleand  brougfit  out  through  the  ekin  above.  Before 
pulling  the  loop  through,  care  is  to  he  uiken  to  sec  that  the  cilium  is 
caught  in  it,  ao  that  the  kah  may  be  imbedded  in  the  desired  position 
in  the  ekin. 

*    EniTQpium.     As  tliim  condition  i»  usuiilly  caiiBed  by  (vinlractingcica- 

H  tricea  in  the  tii»ue<i  of  the  conjunctiva  and  tjirsun  that  are  due  to  granular 

B  conjunctivitis,  severe  cases  are  difficult  to  remedy  by  anv  operation.     In 

fact,  tlie  imperfect  success  which  often  attends  even  tiie  bcst-directwi 

efforts,  ia  shown  by  the  numerous  operations  that  are  brought  forwani 

•  by  different  aurgeona.  l-'aually,  those  procedures  arc  intended  either  to 
transplant  or  remove  the  entire  portion  of  the  lid  which  carrieM  the  eye- 
lashes, or  to  turn  it  outward  and  upwanl.  The  operator  will  have  to 
decide  on  the  plan  of  treatment  which,  In  his  judgment,  iii  be.<tt  adapted 
to  remove  the  deformity  in  each  cnse.  The  operation  which,  in  average 
cases,  has  yielded  the  beat  and  most  lasting  results  in  the  hands  of  the 
author,  ia  the  Jaesche-Arit  method  of  transplanting  the  outer  margin 
of  tho  lid.  To  perform  it,  a  horn  spatula  is  introduced  beneath  the  lid 
and  held  by  an  aR^^istant  in  such  a  manner  as  to  keep  the  lid  in  n  state 
of  slight  t«nMion.  The  operator,  with  the  thumb  of  one  hand,  now  pulls 
gently  on  the  skin,  8o  that  the  position  of  the  cilin.  and  the  orifices  of 
the  Meibommn  glands  can  be  seen.  While  the  lid  is  held  in  this  posi- 
tion, a  Beer's  knife  is  cntcreil  at  one  margin,  at  a  point  on  the  blui^fh 
line  that  is  visible  just  outside  of  the  orifices  of  the  Meibomian  glanda. 
This  done,  the  edge  of  the  knife  is  gradually  carried  onward,  so  that 
the  lid  \ti  split  inui  two  layer»,  in  n  position  corrcaponding  with  the 
carvature  of  the  tarsus.  The  incision  is  carried  np  into  the  aubstance 
of  the  tarsus  for  a  distance  of  three  millimeters.  The  lid  has  thus  been 
divided  at  its  lower  end  into  two  layers.  The  outer  layer  coniains  the 
ciliary  margin,  the  skin,  and  the  fibres  of  the  orbicularis  muscle,  whilst 
the  inner  layer  is  composed  of  the  tarsus,  with  the  Meibomian  glands 
imbedded  in  it,  and  tho  conjunctiva.  When  this  has  been  accomplished, 
and  it  is  certain,  by  careful  inspectiun,  that  no  hair-bulbs  are  left  behind 
in  the  inner  layer  of  tlie  sjdit  lid,  the  romnvnl  of  a  senii-lunar  piece  of 
tkin  from  the  operated  lid  is  the  next  step  in  the  procetlnre.     To  effect 
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this,  tile  litl  is  spanne^l  over  a  horn  spstuts  by  the  fingers  of  the  6«t- 
gcon.  An  iDcision  parsllel  to  tlie  frtM;  iii»rgiii  of  the  lid,  is  m»de  ihrwigti 
llie  alcin  at  a  Jistance  of  from  three  to  four  millimeters  above  die  ctliair 

bonier.  This  should  extend  about  four 
miUinietcrs  farther  on  each  udetlianihe 
cut  at  the  inurgiD  of  the  Ud.  The  iktA 
of  the  eyebrow  being  raised  by  an  ittitt- 
ant,  while  the  surgeon  steadiee  thetkiii 
of  tlie  lid  at  iti)  cut  portion,  the  two 
edges  of  the  horizontal  cut  are  united 
b;  H  curved  incision,  which,  at  iu  mM 
convex  portion,  is  removed  abont  five  w 
six  millimeterii  above  the  horixontal  cat. 
This  is  represented  in  Fig.  342.  which 
show:*  the  appcnmncc  of  the  wound  made 
by  the  two  incieioDs.  and  its  relation  to 
the  cut  in  the  ciliary  border. 

The  semi-lunar  piece  of  akin  tbu 
eircutnticribed.  is  disiwcted  off  from  the 
underlying  orbicularis  muscle  with  ciihw 
a  knife  or  a  pair  ofiKiswnf.  Tbe  upper 
and  lower  margins  of  the  incisions  are 
approximated  by  sutures.  Five  or  m 
stitches  are  necessary.  These  should  be 
inserted  at  the  nppcr  Up  of  the  wound  throujjh  the  skin  only.  At  the 
lower  liji,  however,  the  needle  should  pus  behind  the  detttcheii  ciliary 
border  itnd  he  brought  out  in  the  free  margin  of  Uie  lid  jtisl  iibote  the 
eyelashes,  so  as  to  -tet  the  lashes  well  out.  The  drawback  to  tfaia 
method  of  operating,  is  tliat  occBBionally,  when  the  incisions  have  b«eD 
made  so  as  to  interfere  with  the  nutrition  of  the  little  bridge  of  tiMne 
by  encroaching  on  its  bloiKl-supply  at  the  outer  and  inner  ends,  then 
is  a.  tendency  for  it  to  slough.  If  there  shouhl  be  such  a  tendency,  the 
flap  can  generally  be  suved  by  the  free  use  of  hot-water  compreaaeft. 
Renctioii  is  usually  slight,  and  the  wound  heals  kindlv. 

Green's  method'  yields  excellent  results.  Here  tne  lid  is  etrerted, 
and  the  incision  is  made  through  the  conjunctiva  and  tarsos,  two  milli- 
meters from  tbe  border  of  the  lid  and  parallel  to  it.  A  strip  of  akin 
about  two  millimeters  in  width  and  one  and  fi  half  tuillimeters  from  the 
free  edge  of  tlie  lid  is  removed.  The  fibres  nf  the  orbicularis  muscle  are 
left  intact,  so  as  to  nid  in  pre.<terving  the  blootl-supply  of  the  ciliarr 
border.  A  threaded  curved  needle  is  introduced  through  the  free  edge  of 
the  tarsus  Just  below  the  cilia  and  brought  out  at  the  sKin-wound.  The 
thread  is  now  pulled  tUrougb.  The  needle  is  next  re-entereil  at  the 
upper  edge  of  the  cut  in  the  skin  and  is  carried  along  the  outer  tnargio 
of  the  tflrsus  to  a  point  about  half  an  inch  above.  Here  it  is  again 
brought  through  the  skin.  Three  or  four  such  sutures  are  applied,  and 
the  threiiiLs  are  tightened  snd  tied,  thus  closing  the  skin-wound  and 
everting  the  eyelashes.     In  dressing  the  wound^  the  cilia  are  fartJier 
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held  in  po&ition  by  the  apiilicaljou  of  a  thin  band  of  gauzo  clmt  has 
been  painted  with  collodion.  The  stitcliM  Diuy  be  removod  on  the 
second  or  thini  day.  The  wound  in  the  conjunctiva  and  tarsus  gapoa, 
aD(l  is  left  to  graniiliiti'. 

The  operarion  of  Hot?'  is  performed  by  first  seirJng  the  lid  at  its 
middle,  between  the  thumb  and  the  finger.  While  it  is  thus  kept  on 
the  atretcb,  nn  Incision  is  made  horizonlAlly  in  the  »kin  from  one  side 
of  the  lid  to  the  other  at  about  two  millimeters'  distance  above  ibe 
cilia.  When  the  lid  is  releuaod,  the  skin  contracts,  cauaing  the  upper 
edge  of  the  incision  to  become  curvilinear.  The  muscular  fibres  are 
then  carefully  dissected  nnd  pusbed  awny  from  the  upper  third  of  tlie 
tarsus.  Three  or  four  titreads  are  next  carried  through  the  skin  at  the 
lower  margin  uf  the  wouml.  the  needles  being  again  inseried  through 
the  outer  fibres  of  the  tarsal  cartiloge  at  its  upper  part  and  the  threads 
paused  throngh  the  tarao-orbital  aponeurosis  and  brought  out  through 
the  skin  at  the  uppvr  edge  of  the  wouud.     Aa  the  object  of  the  pro- 

iure  is  to  cause  the  Kkin  to  become  adherent  to  the  upper  edge  of  the 
IS  and  the  tnrso-orbit.'kl  fA.scia,  care  should  be  taken  not  to  in> 
dude  any  muscular  fibres.  Considerable  reaction  usually  ensues  The 
stitches  abouM  be  removed  on  the  second  day. 

The  operations  of  Stroatfeild  and  of  Snellen  contemplate  the  ejec- 
tion of  a  ^edge-shaper)  jiiece  from  the  deformed  tarsus.  The  latter  is 
probably  the  more  frequently  performed.  Ti  is  accomplished  in  tbc 
following  manner;  After  inimobiliring  the  lid,  aud  ]ireven1ing  hemor- 
rlmgeby  the  application  of  a  Snellen  damp,  an  incision  in  carried  through 
the  skin  the  entire  length  of  the  lid.  This  incision  should  be  made 
three  millimeters  above  the  ciliary  margin  and  parallel  to  the  border. 
The  akin  is  pushed  and  dissected  back,  and  n  strip  two  millimeters 
broad  is  cut  out  of  the  oibicularis  iiiitscle  l^nw  Iiiid  bare.  A  wedge-shaped 
piece  with  its  base  pla<!^cd  outward  i."*  then  iinrcfully  dis.tectod  out  of 
the  tarsus,  itj<  breadth  depending  on  the  effect  that  is  desired  to  be 
produceil.  Three  metallic  sutures  with  a  needle  at  each  end  are 
introduced  through  the  upper  part  of  the  tarsus,  so  that  three  loops 
are  made  in  the  tarsal  tissue.  The  needles  arc  again  introduced  into 
the  ciliary  border,  and  brought  out  just  above  the  eyelashes.  The 
Mliime  are  then  tightened.  It  is  not  necessary  to  suture  the  two  cut 
fidires  of  skin. 

In  any  form  of  operation  for  entropium,  the  .strictest  nntisopf^ifl  should 
b«  observed.  At  its  close,  the  eye  should  be  dresswl  with  gauze  recently 
wetted  with  a  one-to-four-thousand  solution  of  bichloride  of  mercury. 
The  fiehl  of  operation  is  to  be  covered  with  aseptic  cotton  and  the  eye 
is  to  be  immobilized  by  a  bandiige.  Sutures  may  be  removed  in  three 
to  five  days. 

The  treatment  of  ectTopium   varies  with    its  degree  and  cause.      In 

the  sarcomatous  or  iiei*hy  variety,  the  use  of  a  mild  aiftringent  and  a 

ully-applied  compress  bandage^  will   often  afford  relief.     Those  of 

lightly  higher  degree  rerjuire  that  either   a  atrip  of  conjunctiva,  or  a 

V-shaped  piece  be  exoised  from  the  entire  thickness  of  the  lid,  near  the 
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oQter  commissure.     Ectropinm  that  is  dae  to  extensive  ciontriccs  or  to 
other  causes  which  produce  complete  cversion  of  the  lid,  reijairea  much 
greater  operative  measures.      Where  the  cicatrix  is  not  very  ext*'n8ive, 
and  whore  it  is  not  adherent  to  tlie  bone,  the   removal   of  a  V-»ha| 
piece  fn>m  tlie  middle  of  the  everted  lid  mid  a  careful  reiiuion  hy  bare-1 
lip  pin  suturcR,  im  originally  propftsed  hj  AdsmM,  will  often  be  sufficient. 
In  other  cases,  good   results  may  be  obtained  by  a   method  that  waft, 
originally   recommended  for  the  upper  lid  by  Wharton  Jones.     Thil 
method,  however,  gives  better  results  when   it  is  Apphe<l  to  the  lowe 
lid.     In  either  case,  the  cicatrix  Is  included  in  a  triangular  Hiip  whc 
base  is  formed  by  the  free  edge  of  the  lid,  the  gap  left  by  its  contrac- 
tion being  clotieil  by  Hutures  pulling  on  the  adjacent  akin.   In  operatii 
on  the  lower  litt,  the  Ikp  should  be  dissected  up   as  far  as  nt 
toward  the  tarso-orbital  fascia-    The  gap  should  be  united  by  hare-lip  pins/ 
Arlt's  operatiou  yields  execUent  results.      In  this  method,  as  shown 
in  Fig.  H48,  a  triangle  is  formed  by  the  cuts  a  b  and  be,  and  a  piec 
from  two  to  three  miUiinetere  deep,  containing  the  huir-bulbe  at 

external  angle  of  the  lid,  is  remove 
rio.  SIS.  The  extent  of  this  excised  portion  de-" 

pends  on  the  amount  ol  the  ectrupium. 

The  triangular  flap  is  luosencil  as  far 

necessary,  and  the  wound   is  solnreil 
^^^^    _^^  .-  '''"'  *'  ''**ines  up  to  (/,  and   the  side  of 

^^l^^^^hi^^B^^BF/  the  flap  marked  b  c,  lies  against  the  skin- 

^tv^^S^^^HS^^  wound  e  d.     The  gap  left  by  the  raising 

of  the  flap,  i«  to  hHt*  (iiminisned  or  ok 

\tCC^  byhnredip  pins.     If  necessary,  tlioi 

-  .'^o^         of  the  adjacent  skin  »bould  be  onder- 
rained. 

Arit'Bi»i«nUo>nibTc«irnpi(ira.(AitLT.>         Ricliet  has  devised  a  most  ingeoioos 

operation  to  correct  the  cctropium  caused 
by  soars  at  the  outer  lower  pari  of  the  lower  lid.  As  shown  in  Fig. 
344,  the  cicatrix  ia  excised  by  three  curvilinear  cuts,  one,  B  A,  at  the 
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orbitfll  margin  below  the  acar,  one,  c  A,  between  the  scar  and  the  mar- 
gin  of  the  li<l,  nod  one,  u  c,  which,  starting  on  the  upper  li^l,  is  curried 
in  a  curve  down  on  lo  the  cheek,  so  as  to  touch  the  temporal  end  of  the 
second  cut  at  ii.  Tlio  scur  is  directed  out,  and  the  lid  is  replaced  aud 
hold  in  position,  iih  shown  in  the  first  fif^ure,  by  temporary  auturea 
passing  through  the  margins  of  byth  lids,  A  fourth  curved  cut,  p  o, 
starling  from  about  the  junction  of  the  iipjjer  two-lhinls  with  the  lower 
third  of  the  hwt  incision,  and  extending  upward  in  the  temple,  in  next 
made.  The  last  flap,  uyo,  is  sewed  on  the  defect  caused  by  the  ex- 
cision of  the  cicalrii,  thus  brinj^ing  v  to  a,  as  shown  in  the  second 
figure.  The  lower  flap,  a  b  k,  is  hxixoiied  and  putted  up  tu  cuver-itt  the 
gap  left  in  tlie  akin  of  ttie  tcniplr. 

Bki>haropla«ty^  or  jilattic  operation  oh  ihf-  lidi,  i«  frequently  neces- 
sary after  the  removal  of  epitheliotnata,  or  other  tumors  of  the  eyelida. 
It  is  also  useful  to  avoid  or  mitigate  keratitis  and  other  inflammatory 
condittona  of  the  eyeball  and  conjuuctiva  in  the  severer  forms  of  ectro- 
plum,  such  aa  those  following  extensive  burns  or  sloughing  of  the  skin 
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and  cellular  tissue  due  to  erysipelas  or  to  caries  of  the  bony  walls  of  the 
orbit.  The  operations  may  be  divided  into  two  classes:  1.  Those  in 
which,  afVer  tlie  tumor  or  cicatrix  has  been  excised,  its  place  is  sup- 
plied by  a  flap  thnt  haa  been  uhifted  from  the  cheek,  the  temple,  the 
forehead,  or  tlif  nase.'  In  nil  tiiiso  cases,  one  part  of  the  transplanted 
tissue  iit  lefl  in  t-onneclion  witti  i(.H  natumt  sources  of  blood-supply.  2. 
Those  in  wliicli  the  skin  taken  to  replace  the  defect  is  directly  removed 
from  some  other  part  of  the  body.  In  the  first  chuw,  the  various  powi- 
ble  methods  of  operating  vary  much  with  each  case,  and  with  the  in- 
genuity of  the  operator.  They  may,  however,  be  subdivided  into  three 
groups  :  First,  thoice  in  which  a  uiure  or  less  tongue-shaped  flap  is  made, 
9uch  an  In  t)je  method  of  I<'ricki>;'  second,  those  in  whicli  a  ((uudrilitleral 
ftu)  is  move<]  over  so  ».<«  to  cover-in  a  triangulnv  defect :  and  third,  thoi^e 
ID  vblrh  the  surroundlu^  skin  is  extensively  incised  and  undermined, 
and  the  flaps  thus  obtained,  are  made  to  cover  the  defect.  Fig.  84ii 
shows  how  tongue-»haped  flaps  may  be  taken  from  the  temple  and  su- 
tured in  place,  and  how  the  gap  left  in  the  temple  is  filled  by  dragging 

'  la  MDM  cawt.  H  In  tlie  TnUuotliin  oponUun.  tha  aklii  ot  U>«  una  hu  baan  uaad  i«  t^PS^J 
Cketicfccl. 
>  BMilung  netwr  Aiiitcitlledcr,  Bleiiliciropluilwi.  Hambuis.  l»< 
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on  tbe  BuiToundin^  skJD.     Fig.  &4ti  expUios  how  a  growth  msj  be 
rcmovc>it  from  the  cantbus  ami  be  replncej  by  a  Hap  from  tbe  cfaeeK. 

In  operutiouti  oD  the  upper  lid,  it  is  generally  necesrary  to  retnrt 
to  some  iiirxlificutiou  of  the  tonffUG-sliuped  ilap.     Where  they  are  made 
the  lower  oae,   however,    the  method  of  Dicffeubach  may  often 


on 


na.  V*. 
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Arlt'ameUiodaf  mnoTJnggiwwiiiiKiniGUUiiu.  (Au-t.) 

odTaDtagcoagly  replace  these  plans.  Thitt  metliad  viclda  admimble  re- 
sults in  i-opkcina  the  substance  of  the  tow^r  lid.  Kspcciallj  is  tbU  so 
in  cases  where  Uie  ciliary  imirgin  can  be  »aved.  Fig.  347  shows  the 
position  nf  tho  indsioiiH.  Thc!iie  should  be  m  made  that  the  ilistanre 
fi-ora  c  to  <i  will  be  greater  than  the  borizonlal  meui-urement  of  tlie  de- 
fect, thus  making  tbe  tranaplatitedflBp  Inrgerihoii  the  area  of  the  excised 


Fio.  Ml. 


Fw.  MS. 


(ARI.T,  1 


portion.  The  point,  d,  representing  the  upper  outer  part  of  the  Bap. 
should  be  selected  on  the  temple  a  Tittle  higher  than  the  extemal  can- 
thus.  When  the  flap  is  sutured  in  place,  a  more  or  less  triangular 
defect  remains  on  the  cheek  or  temple,  which  may  be  much  diminished 
at  its  upper  part  by  ordinary  sutures.  The  gaping  wound  at  the  apex 
of  the  triangle  is  best  closed  by  the  use  of  a  hare-lip  pin.  Fig.  348 
shows  how  this  method  may  be  advantageously  practised  in  cases  where 
it  hecorow  necessary  to  sacrifice  a  part  of  the  margin  of  the  lid. 
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The  methoJ  of  Kaapp,'  by  which  a  more  or  less  quadrangular  piece 
of  skin  surroumling  tlic  new  growth  is  cut  oui,  and  its  place  supplied 
hy  a  sliding  dap  toude  bv  an  «xleii»ive  <ii»»ection  af  the  skin  of  t}i«  face 
and  t«niple,  is  shonn  in  Fig.  ?A9. 

The  principal  met]in<]s  of  trnnsplantinfj;  entire  portions  of  skin  from 
Other  parts  of  the  body  are  those  of  Wolfe'  and  Kiverdio.^  In  the  former, 
the  size  and  ehapc  of  the  dofeec  nre  nccurateir  cut  out  in  paper.  A 
piece,  which  is  similar  in  outline,  bui  considerably  larger  in  every  diam* 
etcr,  is  next  removed  from  the  inside  of  the  arm.  The  skin,  to  be  trans- 
planted, is  dissected  olTcleiinly,  lenving  the  subcutaneous  cellular  tissue 
and  fat  behind,  The  0up  is  now  gently  sutured  tn  its  new  [jo^ition,  and 
is  coverfiil  with  gold-beater'^  akin  ami  a  bnndnge.  The  bandage  may 
be  renjovi»d  on  the  second  dav.  The  gold-beater's  skin,  however,  must 
remain  in  position  a  much  lonj^cr  time,  it  having  sutlicienl  transparency 
to  allow  inspection  of  the  underlying  flap.  The  opidermia  is  always 
thrown  uff,  and  the  gniftvJ  portion  at  first  looks  whiliah. 


Pin.  &19. 


I 


Kanpp'*  melliod  of  blojibaioplMtr.  (Emit.] 

Tr  Hiverdin's  method,  small  pieces  of  epidermis  with  iho  superficial 
part  of  the  true  skin  ar*-  wliaved  off  some  part  of  the  body  ami  applied 
to  the  raw  surface.  Thesti  are  kept  in  place  and  dressed  in  the  same 
manner  as  in  Wolfe's  method.  Where  it  is  desired  to  replace  li>st  eon- 
iunctivii  ill  this  way.  small  pieces  caii  be  removed  from  the  incide  of  the 
lip  and  the  mucous  membrane  of  the  month.  Care  should  be  always 
taken  that  the  hemorrliago  has  ceased  and  tliat  all  clots  are  removed  be- 
fore the  flaps  are  permanently  adjusted.  Wadsworth'  nnd  others  report 
favorable  cases  treated  bv  the  Wolfe  method.  The  author  Imii  had  no 
personal  experience  with  it.  The  results  thai  he  has  acquired  in  the 
practice  of  the  Hiverdiri  inethod  hav*^  not  been  encouraging.  Where, 
in  any  of  the  plans  of  Iransplantaiirin  with  a  pedicle,  the  circulation  in 
the  flap  ifl  nnt  proTiiplly  re-estnblitiiheii.  and  on  examination  on  the  fol- 
lowing (hiy,  it  tiirciitcns  to  slough,  its  vascularity  may  often  be  improved 
and  the  flap  saved,  by  the  free  use  of  hot  compre-tses. 


>  ArftiU  nif  Oi>lilliitlmnInK<n,  x\i\..  11.  A.  IRI46. 
I  UtiAol  MiMlloil  Journal.  S«pt«mb«>r  ih,  ix7r>. 

•  Flotl«(ln  <le  1*  BoeU-U  Inipf  ritle  t]e  rli[mrv1«  de  rulfl.  IS69,  jin.  19S.  MI. 

*  ttci«rt  of  itut  FIRb  Iii[«rutttioiial  UpliihalmologlCMl  Cougrw.  IW*.  p.  257- 
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^mhlepharon,  when  involving  a  large  latern)  extent  of  the  conjunc- 
tiva at  tbo  retroUtrsal  Ibid,  de6ca  operative  treatment.  Operatin 
procp<lure  should  never  be  uodertakea  nntil  any  inOanimaiioo  has 
diaup|>eart.'d  and  all  cicatrices  have  consolidated.  Where  the  b«0eof 
tlu^  eoDc  of  ciraitricial  Cissuo  \e  not  too  extensive,  Arlt'n  nppmlion  vill 
sometimes  give  good  results.  To  perform  this,  the  titteue  h  «eizod  witli 
the  tbrctips  at  its  point  of  att»climent  to  the  cornea.  It  is  now  diatectcil 
iLwiiy  from  the  eyehall,  either  with  scissors  or  a  knife,  the  inciaiau 
being  carried  well  back  inlo  the  retrotarsal  folds.  The  two  end*  of  i 
silk  threa-I,  eaeli  attached  to  a  curved  neo«ne,  are  carried  tfaroDgli  on 
ench  side  of  the  apex  of  tlio  flap.  They  are  now  passed  downward  into 
the  relrotarsal  fold  and  out  tlinnigli  ihe  skin  of  cheek,  and  lied  over  i 
picco  of  rubber  tiibing  or  buckskin.  The  raw  surface  of  the  flap  is  thus 
turned  toward  the  ep]tb(>liHl  surface  of  the  lid.  The  gap  in  the  bulbar 
conjunctiva  it*  cl'jeed  by  two  sutures,  the  one  jasC  helow  the  cornea^  lad 
the  other  lower  down  nesr  the  retrotarsal  fold. 

For  more  extensive  adhesions,  the  old  plitn  of  Hiiuly  may  bo  resorted 
to.  This  coiiaists  in  perforating  the  hnsc  ot  the  attachment  in  the  direc- 
tion of  the  conjunctival  cul-de-sac  and  placing  a  lead  wire  in  it.  Tl» 
wire  is  allowed  to  remain  till  the  listula  is  cvivered  with  epitheliun. 
The  adhesion  is  then  divided,  ff  the  symblepbaron  be  of  small  extent, 
small  tiaptj  of  conjunctiva  to  fill  the  gap  may  be  diiaected  o0*  the  eye- 
ball. This  procedure  was  originally  practised  by  Teale.  More  laielT, 
both  this  writer  and  Noyes  have  recomiuentled  the  slipping  of  a  hood  of 
conjunctiva  down  over  the  bared  surface  in  severe  cuaes.  ThJB  band  ia 
taken  from  the  sides  and  upper  part  of  the  eyeball  by  an  incision  thatii 
made  sufficiently  curving  downwanl  at  each  outer  enu,  as  to  give  *  strip 
from  four  to  livo  Ttiillimeicrs  in  wiillh.  with  a  gradually  broadening  base. 
The  metho<l  of  Rtvenlin,  which  consists  in  filling  the  gap  with  small 
pieces  of  the  mucus  membrane  taken  from  tlio  mouth,  may  nlso  be  em- 
ployed. Tvanaplantation  of  the  rnbbils  conjunctiva  is  said  to  be  at 
tiiii<>K  successful.  Noyes  reports  un  inKtance  in  which  the  result  was 
p<;rn)aTiently  juitisfiictory  after  two  operations,  enabling  the  patient  to 
wear  an  artificial  eye  over  the  stump. 

Ankifloftfcpharon,  wliich  is  almost  always  accompanied  by  syn* 
blephnron  as  the  result  of  bums,  can  be  remedied  by  division  of  thf 
adhesions  between  the  lids  and  the  dissection  of  the  lids  from  the  coniea 
only  when  the  adherent  surface  of  the  lid  at  least  can  be  covered  bv 
conjunctival  or  other  mucus  membrane  Qaps. 

Qinthopiaaty,  or  divirtiim  of  the  external  canlhus,  is  generally  per- 
formed either  to  lessen  pre.s.s«re  of  the  lids  upon  the  eyelwvll  and  to 
relieve  pathological  narrowing  of  the  palpebral  fissure  in  oasea  of 
granular  conjunctivitis  with  pnnnus,  or  to  gain  room  for  enucleation  of 
orbital  tumors  and  the  removal  of  the  contents  of  the  orbit.  To  per^ 
form  this  operation,  ono  blade  of  a  strong  pair  of  scissors  is  inserted 
into  the  conjunctival  sac  at  the  outer  cantrnis.  The  skin  and  conjunc- 
tiva are  now  cut  through  in  a  horizontal  direction  with  a  single  snip, 
making  a  wound  about  Imlf  an  inch  in  length.  The  upper  lid  being 
seised,  is  to  be  gently  pulled  toward  the  nose,  thus  putting  the  tarao- 
oH)ital  foscia  on  the  stretch.     The  fascia  is  also  to  be  divided.     This  ic 
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to  be  don*  either  with  the  scisgora  or  with  a  small  scnlpfl,  if  the  edge 
of  the  ii»8UR  can  be  felt.  Some  opemtors  prefer  to  make  (he  moisioD 
by  introducing  a  curved  bistoury  into  the  conjunctival  sac,  and  cutting 
outward,  after  pushing  the  point  i>f  the  inulriimeiit  tlirough  the  skin  at 
the  outer  coinniifisure.  By  retraetioii  of  the  f^oiijiincliva  antl  skin,  the 
wound  becomes  rhomboidal  in  shape.  The  conjunctiva  is  united  to  the 
skin  by  sutures  in  such  a  way  that  tlie  mucous  membrane  prevents  the 
cut  edges  of  the  skin  from  uniting  at  the  point  of  the  divided  commis- 
Bure  and  fsrlher  out.  Thia  is  generally  done  by  tliree  stitches — one 
tlirough  the  conjunctiva  and  the  extreme  end  of  tlio  incision  in  the 
skin,  and  the  other  in  the  same  manner  at  equidistant  points  above  and 
below. 

Tarsorrhaphy  is  an  operation  thnt,  in  opposition  to  canthopliiAly,  is 
intended  to  diminish  the  extent  of  tLe  pnlpebral  opening.  It  19  chiefly 
of  vahie  where  the  lidtt  are  not  hIiIc  to  pmtect  the  cornea,  as  in  cases  of 
paralyflis  of  the  facial  nerve  iind  exophthalmic  goitre.  Provisionally, 
it  is  of  use  in  plastic  operations,  where  it  is  desired  U>  keep  the  palpe- 
bral fissure  closed  during  the  connnencemetit  oi  the  heaJiri/^  process. 
When  the  procedure  is  designed  to  give  a  permanent  effect,  it  is  advisa- 
ble to  split  the  ciliary  margins  of  both  the  upper  and  the  lower  lida 
into  two  parts  For  a  distance  of  five  or  si-t  miliiTncters.  and  to  excise 
the  portions  that  ciirry  the  hair-bulbs  by  a  cut  made  parallel  to  the 
edge  of  the  lid  at  about  two  uiiiliinrters  from  its  margin.  The  inner 
margin  of  each  hd  should  he  p:ii-<:d  away  and  freshened.  This  should 
be  done  not  only  over  a  cipai^e  thnt  correspondti  to  that  which  has  been 
deprived  of  its  lashes,  hut  should  extend  to  a  slight  distance  to  ita 
nasal  side.  The  wounded  portions  should  then  be  brought  into  coapta- 
tion by  sutures.  The  lids  are  immobilized  by  a  bandage  for  a  few 
days'  time.  When  a  Issuer  eflect  is  desired,  it  will  of\en  be  sufficient 
to  pare  away  the  internal  margin  of  both  lids  and  leave  the  hair-bulbs 
in  position. 

In  cases  where  the  operation  is  intended  for  temporary  purposes, 
only  a  small  portion,  not  extending  to  tliecanthus,  should  he  0]}eraled 
on.  This  precHUtiitn  is  to  be  taken  !^>  that  the  newly-formed  bridge 
may  be  easily  dividi-d  and  that  the  edges  of  the  lid  shall  remain  suffi- 
ciently separated  to  prpvent  reunion. 

J*tosh  in  its  congenital  form,  necessitates  operative  interference.  In 
aciiuired  ciwes.  proper  constitutional  trealmeiit  shouhl  be  first  tried.  If 
,tlus  fails,  operation  .should  he  resorted  to.  The  usual  procedure  con- 
'iBste  in  cutting  out  a  semilunar  piece  of  skin  K>i  the  upper  lid  and 
suturing  the  eut  edges.  Wlien  this  is  insufficient,  resort  may  be  had  to 
a  plan  that  has  been  sugji,'ested  by  Weoker.  This  consists  in  passing 
two  threads  with  a  double  tieedlc  ttirnugh  the  portion  of  skin  left  stand- 
ing at  the  ciliary  margin  in  ftuch  a  manner  that  each  puncture  is  sepa- 
rated by  a  space  of  about  tliree  miliimelei-s.  Each  needle  is  then 
carried  up  under  the  skin  of  llie  upper  lid  and  brought  out  juet  above 
tlie  eyebrow.  The  two  threnda  are  each  tighleneil  over  a  piece  of 
rubber  drainage-tube.  One  suture  is  inserted  at  the  junction  of  the 
inner  and  middle  thirds  of  the  lid.  The  other  is  placed  at  the  union 
of  the  outer  and  middle  thirds.     Fig,  350  shows  this  very  well.     It 

as 
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must  never  be  forgotten  that  mach  more  can  be  readily  done  than  ia 
designed.  In  fact,  the  lid  can  be  so  mncb  Bhortenwi  that  it  will  not 
close  entirely  during  »leep.  In  nn  case,  except  perhaps  iu  the  lipom- 
atous  form,  can  the  fissure  of  the  lids  he  made  lo  look  like  its  felloi. 
The  best  tliHt  can  be  expected,  is  to  raise  the  lid  by  the  shortening  ot 
the  skin  and  the  action  of  the  frontalis  muKcle  so  u  to  partially  or 
entirely  dear  the  pupil. 


FU).  MO. 
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W<«k«rs  opvntUon  tar  pUnH.     ^Wkcxci-I 

ForeiffH  bodie»  in  the-  rtmjtinctira  and  cotmm.  Small  partidee  in 
the  conjunctival  sac,  which  usually  lodge  in  the  taraal  sorfacc  of  th« 
upper  lid,  or  in   the  upper  rctrotarsal  fold,  are  easily  removed  by  a 

f>iece  uf  clean  wet  liuen  uetcd  as  a  swab,  or  bv  a  Biiud.  If  they  have 
odged  for  spmc  time  in  the  retrotarsal  fohl,  they  may  be  found 
imbedded  in  graaulaiionii,  which  must  be  excised  before  the  foreign 
body  can  be  extracted.  Uefore  removing  any  foreign  body,  it  is 
generally  best  to  instil  a  few  drops  of  cocatno  wlution.  This  'a 
alwava  advisable  when  ihe  substance  is  lodeed  iti  the  cornea.  Small 
metallic  splinters  nro  often  so  firmly  imbedded  in  the  donw  fibrons 
tisauM  of  tlie  cornea  that  it  i»  necewary  to  cut  or  scrape  them  out  with  a 
spud  or  b  spejtr-pointeni  cataract- needle.  When  they  are  exceedingly 
minote,  it  is  frequently  necessary  to  employ  a  magnifying-glass  ond 
oblique  illuminatioQ.  The  little  wound  should  always  be  ecra^id  clean. 
and  no  rust  allowed  to  remain  in  it.  In  rel'raciory  patients,  it  is  often 
best  to  raise  the  upper  lid  with  tin*  tbutnb  of  one  hand,  the  eyeball 
being  prrsM'd  tiiniMHli  the  lower  lid  with  the  little  and  ring  finfters  of 
the  otliiT  hand.  The  ihmnh.  index  and  middle  fingers  can  then  be 
reserved  for  the  use  of  the  spud.  Where  a  long  and  irregular  splinter 
becomes  imbedded  in  the  cornea,  the  corneal  tissue  over  it  must  bt 
incised  with  a  sharp  knife,  so  that  (he  object  can  be  seisied  with  ■  foiv 
ceps.  When  the  foreifjn  body,  nllliougli  still  siiekinp  fast  in  the  cornea, 
has  penetrated  the  anterior  chnmber,  it  is  generally  best  to  make  a 
small  incision  about  a  millimeter  distant  from  the  cortiesl  border  in 
such  a  position  that  either  a  Daviel's  spoon  or  iho  inflirument  with 
which  the  incision  had  been  made,  can  be  introduced  behind  the  foreign 
body  so  ns  to  press  the  foreign  sul>slnnce  forward  at  the  moment  that 
an  attempt  is  made  to  seize  it  with  the  forcepp.  In  nil  cases  wbcn>lhe 
coniea  is  scnipcd.  the  patient  will  be  more  comfortable  and  the  wound 
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'will  b«al  better  if,  after  the  ccnjonctival  sac  in  cleansed  with  bonicic 
acid  solution,  tho  eye  be  kept  cloeed  till  the  epithelium  is  re-formed  over 
tlie  shrnded  jturface. 

Scrapiny  of  the  cornta  (abratto  com«e)  over  a  conBidcrnble  extent 
may  often  be  successfully  rwiortfjd  to  where  there  la  a  deposit  of  lead  io 
iu  aubsiance.  It  is  aho  useful  in  cases  where,  after  previous  disease  of 
tfao  eye,  there  is  a  hood  of  opacity — dependent  upon  a  depoitition  of 
phosphate  and  carbonate  of  lime — over  the  p»rt  tliac  correspoiida  to  the 
fistrare  of  tbe  lids.  This  method  is  not  applioible  to  the  removal  of 
ordinary  maculfe  and  IcQcomntn,  hecauBe  here  the  resulting  cicatricial 
tissue  generally  becomes  more  oparjue  than  that  wbioli  was  removed. 

The  method  of  grafting  a  piece  of  clear  cvnieal  tittue  taken  from 
one  of  the  lower  animals — an  operation  devised  by  Von  Hippe! — has 
not  been  performed  with  sufficient  frequency  to  enable  any  judgment 
to  be  offered  n»  to  its  average  success.  In  this  operation,  tbe  entire 
thickness  of  the  membrane  is  not  removed,  the  trepanation  being 
carried  down  only  as  far  aa  the  membraue  of  Descemet,  According 
lo  Von  Ilippel,  the  method  is  not  applicable  to  opacities  where  the  iris 
18  adherent. 

Tattooing  thf  coiiiea,  or  the  method  of  rendering  permaDoiit  opacities 
of  tbe  cornea  less  noticeable,  is  sometimes  resortel  to.  To  eRcct  this 
purpose.  ludia-iuk  is  iulroiluced  beneath  the  epithelium  covering  the 
cicatrix  and  depOHiled  in  the  underlying  anterior  corneal  layers.  This 
is  generally  done  by  either  applying  tho  pigment  directly  into  the  leu- 
ooma  by  a  grooved  needle  or  working  it  in  by  pricking  the  opaque  siiot 
with  three  or  four  needle*  placed  side  by  side  in  a  hoidcr  after  having 
covered  the  overlying  surface  of  the  cornea  with  a  drop  of  fluid  liolding 
the  India-ink  in  suspension.  By  repoated  applications, a  central  opacity 
may  sometimes  be  made  so  dark  as  to  give  the  appearance  of  a  natural 
pupil.  Some  cicatrices,  however,  do  not  readily  hold  the  little  grains 
of  coloring  matter,  because  if  they  are  va-icular  and  the  veaaela  are 
pricked,  the  escaping  blood  tends  to  waeh  the  pigment  away.  Tattooing 
should  never  bo  performed  until  tbo  cicatrix  is  perfectly  quiet  and  all 
(endency  to  ciliary  congestion  has  passed  away. 

Ab  demwid  tumorn  tij  thn  cunva  are  always  congenital,  they  may 
generally  be  .tafely  removed  by  careful  dissection.  They  should  be 
seized  with  a  toothc-d  forceps  and  Mtparated  from  the  corncjv  by  gentle 
strokes  with  a  cataract-knife.  When  this  has  been  aworaplished,  they 
are  to  be  pulled  downward  and  forwanl  by  the  forceps,  and  carefully 
removed  from  their  scleral  attachments  by  a  pair  of  curved  scissors. 
Tbe  cornea  hertU  witli  a  permanent  white  opacity  sitanted  over  the  spot 
^that  was  occupieil  by  the  tumor. 

flk  TIte  operations  for  pterygmm  are  iiHunlly  limited  to  either  abscission 
^^rtraoHpIantation.  In  the  former  procwlure,  the  growth  should  be  seized 
with  toothed  forceps  nt  the  part  just  oi-er  the  margin  of  Uie  cornea,  and 
the  head  should  be  carefully  dissected  away  from  tbe  cornea  by  means 
of  a  sharp  knife,  Tbe  neck,  or  jmrl  adhering  to  tbe  linibus,  and  the 
(mrtion  imniwliately  beytind,  should  also  ho  detached,  and  rbe  underlving 
surface  of  the  ball  scmpeil  till  tbe  whit*  sclerotic  is  laid  bare.  This 
baviug  been  accomplished,  a  V-shaped  piece  should  be  cut  out  of  the 
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substance  of  the  growth,  the  point  of  the  V  being  directed  awaj  frooi  t)i« 
oorneo.  and  eituKtcd  on  the  middle  line  ot  the  pterygium.  If  the  growih 
be  small,  the  surface  thus  exposed  may  be  left  tu  heul  bj  granulation. 
If  it  be  large,  it  will  be  belter  to  bring  the  conjunctiva  together  with 
BUturcs.  TTie  eye  liliould  be  kept  dose^l  and  bandageil  for  a  few  days. 
Large  pterygia  are  often  Advantageously  treated  by  traiutpUntation. 
To  eOect  this,  the  head  of  the  growtli  is  to  be  dissected  from  the  cornea 
and  tirmly  sutured  to  the  a)>ex  of  a  conjunctiTal  wound  that  i^  obtained 
by  making  a  vertical  cut  in  the  bulbar  conjunctiva  about  ibree  milli- 
mcLera  from  the  corneal  border.  Following  the  procedure  ot  Kuapp, 
large  pterygia  are  sometimes  divided  into  two  parts  by  a  median  incision, 
one  purt  being  iui^erted  in  the  upper  and  the  other  in  the  lower  part  ef 
the  oculiir  conjuiictiv». 

Partial  »tapht/lnmit  iff  the  rorum,  where  there  is  still  some  anterior 
cluimbcr.  is  best   prevented  from  increasing    by  an  irideclomy.     The 
apex,  or  a  portion  of  it,  is  sometimes  shaved  off  and  the  wound  left  ta 
heal  under  a  compress  bandage.     Whei'e  there  is  secoudar}-  glauooma, 
with  abitoluio  \osh  of  oyeHighi,  it  is  generally  better  to  enucleate  the  eye- 
ball.   In  t"tai  gtaphifHoma,  nn  improvement  by  irid«tomy  >»  imptwsible. 
Even  where  there  is  a  Muali    partly  cleiir  margin  at  the  periphery  thai 
allows  the  iris  to  be  seen,  tlie  choice  mui^t  lie  between  abscission  and 
enucleation.     The  old  mt^thod  of  performing  the  former  operation  con- 
sists in  transGxing  the  staphyloma  horizontally  with  a  triangular  rata- 
ract-knifc  at  the  middle  line  of  its  base.      A  downward  cut,  which 
iletachea  its  lower  half  from  the  cornoH,  is  then  made.   Kext  telling  the 
patient  to  look  up,  the  remnnnt  is  gently  netxcd  with  the  fonvpA  and  the 
oilier  half  of  the  baee  of  the  staphyloma  ia  detacbe<l  by  a  few  clips  of 
the  aoissors.     If  the  lens  ia  present,  an  incision  is  made  into  its  capsule 
astl  it  is  evacuated.    When  cocaine  is  used,  thla  operntton  is  almost  pain- 
less.   No  stilclics  ai'e  inserted.    A  compress  bandage  ia  applied,  and  the 
patient  is  confim'd  to  bed  for  two  or  three  days.     The  dangers  attend- 
ing this  method  of  operating  arc,  that  straining  may  cause  loss  of  the 
vitreous,  or  that  di-geiicnttion   of  the  chorioidal   vessel   may,  in   the 
ah«ence  of  infm-neulur  preafturc,  give  rise  to  hcraorrhngc.    If  tniii  latter 
accident  should  occur  at  the  time  uf  the  operation,  cither  tlie  retnainder 
nf  the  globe  should  be  enucleale<],  or  the  eyeball  should  be  eviscerated 
br  scraping  out  its  contents  nnd  baring  the  inner  surface  of  the  Hclerotie. 
In  nnconi pi icatcd  cases,  if  the  pittient  remains  "juiet  for  several  days  after 
the  operation,  an  e.xcellont  stump  is  obtained.      Although  the  Critcbett 
method  of  putting  sutures  tlirough  the  ciliary  body  Is  now  atwindoned. 
most  surgeons  of  the  present  day  prefer  the  use  ot  sutures  after  the 
HbinbTloniii  has  l>ecti  exei.sed.     To  do  this,  the  conjunctiva  is  dif^ected 
back  from  the  cornea  beforv  the  cornea  is  excised  and  is  pierced  in  sev- 
enl  plBeesby  a  puree-.Htring  suture.     The  cwnjunctiva  is  ibiiH   pulled 
•roUiepp'  ""^  ^"^  eilges  of  the  wound  in  the  !*clerolic  dr»wn  closer 
ytmAaiiw  the  operation.     When  there  is  increase  of  intm-ocalar 
t^Mi,niio1eaiion  is  always  to  be  preferrol  to  abacissinn. 
T^^ditt  eocaiue  in  the  operations  for  ttrahwnut  and  for  inn^ffi- 
^^.  g^la  t  gmeral  anaaUieiic  to  bo  dispensed  with,  thus  allowing 
^  4iA«[  dK  opentivc  procedure  in  any  reasonably  resolute  ana 
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obediont  patient  to  he  hnmertiately  twited,  has  remJereil  the  employ- 
ment of  this  drug  a  gre.it  aid  in  the  proper  performance  of  these  pro- 
cedares.  In  children  and  nervous  pntients,  it  is  necessary  to  resort 
to  ether.  Before  proceeding,  the  acuity  of  vi&ron,  the  optical  defects, 
and  the  amount  of  deviation  of  the  eyes,  should  be  testod.  The  oqui- 
librium  of  the  oyc-muscloa,  both  for  near  and  for  distance,  in  all  cuses 
of  inauffioiency.  is  to  be  studied  by  ineans  of  prisnii).  In  all  such  cases, 
it  is  s  inaierial  ai<l  to  remember  Aril's  practical  division  of  squint  inl-o 
three  grades:  first,  plight, where  the  inner  edge  of  the  cornea  of  the  devJ- 
atin<>  eye  renche;^  a  vcrcicnl  line  that  unitas  the  Incrymal  puneia  ;  second, 
moderate,  where  the  inner  edge  of  the  cornea  reaches  the  caruncle;  and 
third,  high  ^ade>j  where  the  inner  edge  of  the  cornea  is  hidden  beueuth  the 
caruncle.  In  ihe  fintr  instance,  careful  diviniun  of  the  tendon  on  one 
eye  alone  will  suffice;  in  the  second,  a  .similar  moderate  division  of  both 
tendons  will  usually  answer;  in  the  third,  a  double  operation,  with  the 
addition  of  cute  in  the  capsule  of  Tenon  in  one  or  both  eyes,  is  nwwB- 
sary.  Slight  periodic  ur  alternating  convergent  si]uint  should  not  be 
operated  on  until  the  effect  of  thorough  atropiniaation  and  the  U50  of 
proper  glasses  have  been  tried.  In  all  cases,  the  habitual  use  of  cor- 
reetiug-glassea  after  the  operation,  goea  far  to  insure  the  permanency 
of  the  effect  obtained  ami  to  correct  the  causes  that  have  originally  pro- 
duced the  equiut. 

Although  many  operations  have  been  devised  for  the  correction  of 
squint,  yet  those  desc^ribed  by  Arlt  and  Graefe  furnish  the  types  on 
which  most  of  them  are  baaod.  In  all  coses,  it  is  well  to  remetnber.  as 
explained  on  page  dl,  the  centres  of  the  insertions  of  the  internal,  the 
external,  the  aaperior.  and  the  inferior  rectus  muscles  of  the  eye,  as  it  is 
frequently  impossible  Codetertnine  the  exact  site  of  tendon-implantation 
by  visual  examination  alone. 

The  operation  deacribed  by  Arlt  consists  in  first  directing  the  patient 
to  look  toward  the  outer  commissure  of  the  eye  to  be  operated  on.  or, 
if  anieathesia  is  employed,  the  eye  should  be  held  in  the  position  of  out- 
ward ritlatiiHi  by  an  assistant.  The  operator  then  seizes  a  fold  of  the 
conjunctiva  about  four  milliTnoters  inward  from  the  corneal  border  with 
a  pair  of  fine-toothed  forcep!(,  and  incises  this  fold  with  a  pairof  scissors 
in  such  a  manner  as  to  make  u  vertical  wound  of  about  seven  millimeters' 
extent  in  it.  The  forceps,  with  ifci  points  closed,  is  next  introduced 
along  the  ball  from  two  to  three  millimeters  further  back  than  the  con- 
junctival incision,  and  is  so  raised  that  it  points  almost  at  right  angles 
against  the  eyeball  at  the  place  of  contact.  It  is  now  opened  to  about 
eight  milliinelera'  wiilth  and  closed,  taking  care  to  keep  the  points  always 
preyed  against  the  sclerotic.  The  muscle  which  is  thus  seircd,  is  sepn- 
ntted  from  the  sclerotic  at  its  insertion  by  repeated  cli|i!i  of  a  pair  of 
delicate  scissors  that  is  curved  on  the  Hut,  one  blade  of  the  instrument, 
with  its  convexity  turned  toward  the  eyeball,  being  introduced  under 
the  muscle.  If,  on  moving  the  ball  outward,  the  white,  shining  sclerotic 
is  distinctly  seen,  most  of  the  muscle- insertion  has  lieen  severed.  Any 
remaining  attachments,  above  or  below,  are  eaeily  detected  by  the  inser- 
tJoQ  of  a  Hmall  blunt  hook.  These  can  be  divided  by  the  scissors.  The 
motion  of  the  eye  is  then  to  be  teatefl.     If  the  eyeball  can  be  rolled  in 
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nearly  to  ibt  normal  extenU  the  desired  resalt  has  been  attained.  If  tlir 
eye  can  be  rolled  in  nntil  the  edge  of  the  comc&  is  bari«d.  oblique 
incisions  should  be  made  up  and  down  into  Tenon's  capsule,  and  llie 
rosult  ai;ain  tested  by  m»king  the  patient  fix  u|>on  some  object  ftitaattvi 
in  tlie  median  liu«  at  ubout  twelve  inches'  distance.  If  the  visaal  hoe* 
converge  iirojierly,  or  even  if  there  be  slight  residual  convei^^ce,  U« 
object  of  the  operation  hns  been  attiiined.  If  the  operated  eye  deviata! 
decidedly  outwanl  whilst  the  patient  &xe«.  at  twelve  lucbea'  distance  or 
less  from  the  Bxation-point,  the  muscle  has  been  untluly  weakened,  am] 
the  effect  muet  be  iinmediatety  diininishe<l  by  introducing  siituroA  in  the 
conjunctiva  and  in  Tenon's  capsule  near  the  divided  end  of  the  moBde. 
These  sutures  must  be  fttstened  firmly  in  the  conjunctiva  near  the  coma. 
When  the  euturen  are  up|died  cnisswise.  one  going  in  a  direction  from 
in  and  down,  outward  and  upward,  and  the  other  from  in  and  ny. 
downward  and  outward,  an  increased  effect  irt  obtained.  If  the  vivujil 
axes  become  parallel  or  slightly  divergent  nft«r  division  of  the  muscle, 
when  an  amestlietic  is  uscil,  it  will  be  certain  that  there  will  be  a  small 
amount  of  rcsiidual  convergence  when  the  patient  recovers  from  the  influ- 
ence of  the  drug. 

The  operation  by  Orttf^fe't  mctfiod  is  commenced  by  mailing  a  ver- 
tical iiioi.-4iun  in  the  conjunctiva  near  the  cornea.  The  exposed  ponJoB 
of  Tenon's  capsule  at  the  li.>wer  border  of  the  muscle  is  next  setxal 
with  the  forceps,  and  is  incised  with  a  pair  of  scissors.  Tlirough  the 
hole  thus  made,  a  large  blunt  ho<»k  is  in.serte<l  and  carried  upwani  so  a$ 
to  grasp  the  entire  rauscle.  This  is  pulled  forwanl  and  divided  at  iu 
insertion  with  the  scissors.  Any  Shres  that  have  escaped  severance, 
arc  sought  for  with  a  itmaller  hook,  and  arc  divided  with  the  seiasora. 

In  the  euif-c'>}\/'uiu-twat  operatiim.  an  incision  parallel  to  the  muscle 
to  be  divideii  is  mmle  »t  iifl  lower  border.  \  hook  is  slipped  under  tbf 
muscle,  which  is  thus  renderci  tense,  and  the  tips  of  a  pair  of  scissors 
are  inserted  beneath  the  conjuncUva  so  as  to  follow  the  hook  and  dirlije 
the  insertion  of  the  muscle  by  repeated  small  cuts, 

Snellen  has  proposed  that  af^er  the  conjunctiva  in   the  luolian  line 
over  the  insertion  of  the  muscle  has  been  dividctl  and  thtit  membrane 
dissected  up,  the  centre  of  the  insertion  should  be  grasped  with  the 
forceps  and  a  hole  cat  in  it.     The  remaining  fibres  above  and  below  ar«; 
then  seized  with  a  small  blunt  hook  and  alternately  divided. 

Partial  tenotomy  has,  in  some  instances,  been  performed  by  Graefe. 
who  left  one-fjuarter  or  one-third  of  the  insertion  of  the  ma^clo  undi- 
vided. The  cflect.  however,  is  apt  to  be  transitory,  and  it  is  alwaya 
difficult  to  eatiinute  the  nltiumte  result.  Stevens  nas  revived  partud 
tenotomies.  By  the  uxe  of  u  pair  of  fine  forceps  and  scissors,  a  button- 
hole is  cut  in  the  insertion  of  the  musclet  and,  when  necessary.  tbe| 
fibres  on  each  aide  are  divided.  He  has  also  intro«luced  the  system  of 
graduated  lenolomy.  Here,  repeated  operations,  where  a  portion  of  the 
tendon  ia  divided  at  each  sitting,  arc  performed,  in  the  expectation  to 
attain  more  accurate  results  than  have  hitherto  been  considered  po»tible. 
That  it  i(^  difficult  to  nccun-Ltely  foresee  any  desired  effect,  is  evident 
from  the  number  of  times  that  even  experts  in  the  method  are  obliged 
to  repeat  the  procedure. 
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Omraiions  for  »i»«^c*«Hey,  are  of  two  sorW.  In  the  one,  the  tendon 
of  tne  antagonist  is  cut,  thus  indirectly  strengthening  the  weakened 

mnscle.  In  the  other,  the  tendon  of  the  weakened  muscle  is  dissected 
from  its  insertion,  so  as  to  bring  it  foPftard  toward  the  cornea,  thus 
enabling  the  muscle  to  act  to  greater  mechanical  advautiige.  Fre- 
quently, Iwth  methods  are  combined.  Before  operating,  it  is  ncoossary 
to  carefully  study  the  muscle-halancc  when  the  eyes  are  made  ty  fix 
alternately  upon  a  near  object  and  upon  a  distant  one.  It  h  advanta- 
geous to  employ  cocaine  during  the  operation,  and  to  test  the  effect 
obtained  both  during  and  after  the  operative  proeeduro  with  prisms. 

In  the  operation  of  ttdvancement,  a  vertical  inci-iion  ia  made  in  the 
OWnjunctiva  abiint  the  position  where  the  weakened  muscle  is  normally 
fttsertetl.  The  conjunctiva  is  then  dissected  backwa,rd  till  the  insertion 
of  the  mu&cle  is  laid  bare.  The  eyeball  being  held  rotated  towanl  the 
ade  of  its  antagonist,  a  grxid-sixed  ^tilk  thread  armed  with  a  needle  at 

h  end  is  passed  through  the  muacle  (if  possible,  dipping  into  it  two 
or  threfi  times,  to  secure  n  goori  hold),  and  the  tendon  i3  carefully 
divided  at  its  insertion,  the  threads  being  Inid  to  one  aide.  The  luitagn- 
nist  is  now  divided.  Afttr  dissecting  up  the  conjunctiva  of  the  eye  in 
which  the  mnaele  ie  to  be  advanced,  the  end  of  the  muscle  is  brought 
up  against  the  cornea  and  is  fiwtencd  to  the  conjunctiva  and  capsule  of 
Tenon  by  the  needled  suture,  so  that  one  end  of  the  thread  passes  up 
under  the  eonjunctiva  and  capsule  of  Tenon  m  the  verlienl  meridian, 
and  the  other  passes  to  a  corresponding  position  below.  If  neceasary, 
the  muscle  may  he  shortened  by  clipping  the  divided  end  in  advance  of 
the  suture.  Where  the  deformity  is  very  groat,  it  is  best  to  put  a  suture 
through  the  tendon  of  the  antagonist  and  divide  the  muscle  just  behind 
it,  80  that  the  eye  can  he  pulled  over  as  far  as  is  desired  toward  the 
side  of  the  muscle  to  be  advanced,  and  fixed  in  this  position  by  carrying 
the  thread  through  the  akin  at  the  outer  commiastire.  This  suture  can 
be  left  in  place  for  a  period  varying  from  six  hours  to  two  day."!.  As 
there  is  apt  to  be  considerable  reaction,  any  operation  for  advancement 
is  a  far  more  serious  procedure  than  that  of  simple  division  of  the 
miucle.  The  patient  should  be  kept  quiet,  both  eyes  bandaged  for  two 
orthree  days,  and  ice  compresses,  either  simple  or  charged  with  small 
amount-)  of  boracic  or  salicylic  acid,  ennployed.  ,\n  excellent  mode  of 
performing  advancement,  known  as  the  "pulley  method,"  hjis  been 
lately  introduced  by  Prince.  A  stay  suture  or  pulley  is  introduced 
vertically  into  the  bulbar  conjunctiva  a  short  distanc*;  from  the  cornea, 
a  deep  hold  being  taken  to  get  a  gooil  grip  of  the  conjunctiva,  capsule 
of  Tenon,  and  episcleral  tis.<^ne.  An  incision  slightly  in  advance  of  the 
insertion  of  the  tendon  of  the  muscle  which  is  to  be  brought  forward, 
is  made  into  the  conjunctiva.  A  strabismus-hook  is  slipped  under  the 
muscle  so  as  to  enable  one  blade  of  a  specially  constructed  toothed  for- 
ceps to  he  intniduoed  under  the,  muscle.  The  fonxps  is  then  closed 
and  held  fast  by  a  spring  clamp,  so  as  to  ]>revent  the  muscle  slipping 
from  its  gnwp.  Two  curved  neeilles  on  a  single  thread  are  introduced 
under  the  muscle,  and  after  being  carried  some  distance  back,  arc  madp 
to  pierce  the  muscle  and  overlying  tissues,  so  that  one  is  brought  out 
near  its  upper,  and  one  near  the  lower  margin  of  the  muscle.    One  end 
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of  tbw  suture  is  now  laid  over  the  pulloy-auturc  ami  tlic  two  entlsof  the 
latter  are  tied  (ml  over  it.     The  two  ends  wf  the  loop  pawing  through 

the  muscle  are  then  tightened  and 
tied.  Fig.  ^1  gives  a  good  idea  of 
the  eye  as  ic  appears  with  the  su- 
tures ill  position,  the  pulley  having 
been  drawn  tight  and  tied,  while  the 
other  loop  is  ready  to  be  tied. 

I>ivmon  fif  the  ext'-rnus  is  done 
in  the  same  niaaner  a»  division  of 
the  intemns.  Where  there  is  ex- 
cessive divergence,  the  division  of 
both  the  oxtcrnul  rectus  musclm 
frequently  i^iives  leas  ^cct  than  is 
de!<ired.  In  Huch  caws,  Uie  plan  of 
pulling  the  eyefl  toward  the  no8o  by 
mtureii,  leaving  the  ihrcftds  in  pluce  for  from  six  to  twenty-four  hours,  is 
often  effective. 

IHvision  of  the  »itj)ttrior  or  of  the  inferior  reduu  muscle  \s  Attended  with 
8orae  difficulty.  This  is  owing  to  the  stronger  atlachnieuta  to  the  capsule 
of  Tenon  and  to  the  thickening  of  the  latter  by  the  leaflet  of  the  tarao- 
orbital  fascia.  Gracfe  says  that  when  there  i«  an  upward  squint,  the 
inferior  reclue  muscle  of  the  tiound  eye  should  be  divided,  and  if  the 
squint  is  n  downwanl  one,  the  superior  rectus  muscle  of  the  sound  eye 
should  be  divided.  When  the  deviutiou  is  very  great,  it  is  necessary  to 
divide  the  effect  between  the  two  eyes  by  catting  the  inferior  rectos 
muscle  of  the  one,  and  the  i^uperior  rectus  muscle  of  the  other  eye. 

Tbc  dangers  of  the  operation  for  strabiamus.  where  strict  asepsis  has 
been  observed  and  where  the  eye  is  subsequently  properly  protected 
from  external  irritants,  are  very  slight.  An  occasional  case  of  severe 
tenonitis,  with  suppuration  of  the  cornea,  has,  nevertheless,  iH-en  n*- 
corded.  The  author,  in  a  series  of  many  hundred  operations,  which  in 
the  vast  majority'  of  cases  wore  treated  at  dispensary  services,  has  never 
been  unfortuna.tc  enough  to  have  any  considerable  reaction  follow. 
>Vhen  the  contracted  muscle  and  its  attachments  ha*'e  been  too  freely 
severed,  the  eye  will  sometimes  turn  in  the  opposite  direction.  Wiih 
care  in  the  operation,  and  the  use  of  sulur««  when  necessary,  high 
degrees  of  divergence  can  always  be  avoidetl.  The  nulbor.  however, 
usually  docs  not  make  use  of  any  conjunctival  sutures,  beting  con- 
tent to  bandage  the  operated  eye.  Such  sutures,  nevertheleM,  favor 
more  rapid  union,  and  granulation  buttons  are  less  apt  to  sprout  from 
the  stump  of  the  divide<]  tendon — a  condition  that  is  more  liable  to 
occur  when  the  sclerotic  is  not  shaved  very  cleanly  and  closely.  If 
sudi  a  granulation  be  left  undisturbed,  the  conjunctiva  gradually 
tightens  around  its  base,  causing  the  grnnulation  to  shrink.  When 
such  constriction  has  commenced,  healing  may  be  hastened  by  excising 
the  growth  with  a  pair  of  scissors.  It  is  useless  to  cauterixe  or  cut  it 
before  shrinkaj^e. 

Paracenteais  of  the  cornea  is  generally  performed  by  making  an 
incision  in  the  cornea  near  the  limbua  with  a  broad  needle  or  a  laoce- 
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sLapvd  knife.  Tlie  object  of  the  proceJure  is  to  evacuate  pus  whicli  has 
accuimilateci  in  the  anterior  cliatiiber,  to  tap  n  hernia  uf  the  iiiemliniiie 
of  Descemet,  and  tn  tpnipomrily  tliminioh  intra>ocu1ar  pressure  in 
glaucoma  anil  traumutJc  swelling  of  the  lens. 

Siittiny  of  tAe  cornea  (Soinrn'sck  operation)  ia  resorted  to  with  t;reat 
advantage  in  many  cases  of  corneal  abscess  or  in  ulcers  with  under- 
mined edgefl  that  have  refliKtcd  milder- treHtin<:ut.  Aftur  (lie  ulcerous 
surface  and  the  entire  conjunctival  .tac  have  been  thftrougbly  cleansed 
by  the  uso  of  a  weak  solution  of  bichloride  of  mercury  warmed  to  blood 
beat,  a  solution  of  cocaine  should  be  freely  dropped  upon  them.  The 
bulbar  conjunctiva  is  gently  seized  with  fixation-forceps,  and  a  Graeft 
cataract- knife,  with  its  hack  to  the  eyeball,  is  entered  in  the  clear  cornea 
at  the  margin  of  the  ulcer.  The  knife  is  then  carried  into  the  anterior 
chamber,  puiihed  across  the  long  diameter  of  the  ulcer,  and  tiie  fKfint 
made  to  emerge  in  the  sound  margin  of  the  cornea  on  the  otliiM-  Hide. 
Fig.  ^2  gives  a  graphic  representation  of  the  proper  position  of  the 

Pm.lfa. 
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incision.  The  fixation-forceps  having  boon  laid  nside,  the  knife  is  made 
to  cut  oiit  by  gently  pushing  it  forward,  aiding  thiji,  if  necessarv,  by 
slight  sawing  motioua.  In  this,  as  in  all  other  operatioUH  in  whicli  the 
anterior  chamber  is  opened,  the  aqueous  humor  should  be  allowed  to 
escape  slowly.  As  a  rule,  most  of  the  pus  will  flow  out.  The  small 
portions  remaining  in  the  periphery  of  the  anterior  chamber,  will  tuoon 
absorb.  Any  sloughs  of  the  corneal  tissue  should  be  carefully  removed 
witli  an  iris-forceps.  The  eye  is  to  be  washed  with  wann  boracic  acid, 
atropine  instilled,  and  a  light  pressure  bandage  applied  over  both  eyes. 
On  account  of  tlie  severe  pain  which  is  jLpt  to  follow  such  operations, 
an  opiate  is  often  indieatetl.  When  practicable,  it  is  best  to  operate  on 
the  patient  in  the  hod  in  which  he  is  to  remain.  Care  should  he  taken 
that  lie  be  kept  qiiiet  in  bed  for  several  days  afterward.  Should  pus 
reaceumiiUte,  it  m  adritiable  to  reopen  the  wound  with  a  thin  horn  spat- 
ula. If,  by  reajnon  of  too  fiiiu  cicatrization,  this  is  impossible,  :t  Grncfe 
knife  mast  be  employed.  Althuugh,  owing  to  the  advanced  disease  of 
the  cornea  and  the  involvement  of  the  ciliary  body  in  the  inflatnmation, 
oonvatescence  is  necessarily  slow  iu  must  of  the  cases  in  which  it  is 
necessary  to  employ  this  ()])crntive  proccilure,  the  results,  however,  are 
nsually  very  satisfiictnry. 

.  The  application  of  the  actual  cautery  in  uteitrt  of  the  cornea  is  often 
followed  by  n  limitation  of  ulcerative  tendency,  and  by  a  disposition  In 
indolent  corneal  ulcers,  and  in  those  ileep  erosions  which  are  accom- 
panied by  a  sinking  of  pus  between  the  corneal  layers,  to  heal.     When 


602 


OPERATIOya  ON   TSE  ETI. 


Uie  gftlvano-cautery  is  applied,  great  care  should  be  taken  in  tlie  monipu- 
latioti,  a^  ilie  slightest  touch  of  tUe  white-hot  platinum  end  baniH  ami 
cuts  with  extrrrae  rapidity.  Moreover,  owing  to  the  weight  anil  stiff- 
ness of  the  thick  cotinectiiig-wires  necewary  to  obtain  a  white  heat,  it 
is  verA'  diflicult  to  manipulate  the  instruinent  with  lut  much  tightniss  and 
precision  aa  wm  be  attained  by  the  use  of  a  cataract-knife  or  a  spad. 
Af\or  eracuation  of  n  corneal  abscess  by  the  Saemisch  tncisiou,  and  the 
removal  of  the  sloughs  of  corneal  tissue,  it  is  often  a  good  plan  to  care- 
fully cauterize  the  eroded  edges  with  light  but  repeated  touches  of  the 
white-hut  platinuni.  Wliere  a  proper  gnlvauo-caiitery  is  not  obtainable, 
a  very  satisfactory  substitute  may  be  made  in  ca-^ps  of  deep  ulcers  of 
moderate  size,  by  heuting  an  ordinary  strubismus-hoolc  in  an  alcohol 
flsme  or  &  liunsen  burner.  This  may  be  used  white  its  tip  is  glowing 
hot.  The  head  of  a  silver  pin,  heated  in  the  same  manner.  loake*  a 
atill  more  satiflfactory  instrument. 

IrifWtomy,  or  the  cutting  om  of  a  piece  of  the  iris,  is  one  of  the  most 
commou  and  most  important  of  the  opumtions  on  the  eyeball.  It  was  at 
first  performed  only  for  optical  purposes — to  provide  a  substitute  for  a 
closed  pupil,  and  to  admit  light  to  tlie  retina  through  some  clearer  part 
of  the  cornea.  To  Von  Graefe  must  the  credit  for  the  knowledge  of  ita 
tLsee  in  diminishing  intrii-ocular  tension  and  in  nttcring  the  nutritive 

Krocessea  of  the  tissueu  within  the  eytball.  be  given.  Kot  only  is  it  the 
GBt  CQHtns  of  reducing  excessive  intra-ocular  prcfisuM),  hut  it  acta  moat 
favorably  in  mollifying  the  nutrition  of  the  eye  in  exclusion  of  the  pupil. 
In  oases  where  long-stamling  inflammation  bas  caused  the  eyeball  (c 
become  softer  than  normal,  lliis  operative  procedure,  by  its  influence  on 
the  intni-ocular  circulation,  will  also  often  bring  about  s  return  of  nor- 
mal tension.  Its  successful  performance  rcrjnires  considerable  skill  in 
the  surgeon,  a  thorough  knowledge  of  the  size  and  anatomy  of  the  parts 
to  be  operated  on,  and  stetuliness  and  quietude  on  the  pari  of  both  Uie 
surgeon  and  the  patient.  In  reasonably  coursgeous  patients,  cocaine  is 
sufficient.  In  some  rare  cases,  however,  where  oven  repeated  inatilla- 
tioDs  of  the  drug  fail  to  make  the  iris  insensitive,  it  becomes  advisable 
to  em  ploy  a  general  anBesthetic.  The  eyelids  being  held  open  by  &  spring 
Bpecnluin,  or  by  a  Desmarres  eluvator  in  the  hands  of  an  n-^Kistant,  and 
the  head  cnrefiilly  steadied,  an  incision  is  niade  into  the  cornea  with  a 
lance-shaped  knife  having  a  motlerately  bent  shank.  The  point  of  the 
Itnife  is  held  at  an  angle  of  about  sixty  degrees  to  the  part  of  the  cornea 
in  which  it  is  desired  to  enter.  The  instmuient  is  gently  pushed  in  this 
direction  till  it  is  felt  to  have  perforated  the  tissue,  and  penetrated  the 
anterior  chamber.  As  soon  as  the  glittering  point  can  be  perceived  in 
the  chamber,  it  is  turned  toward  the  cornea.  The  knife  is  then  gently 
pushed  forwiird  so  that  the  point  crosses  the  anterior  chamber,  the  weilge 
shapeof  the  knife  thus  introduced,  preventing  any  loss  of  aqueous  humor 
as  it  advances.  When  the  inci.iion  is  completed,  the  handle  should  be 
slightly  pushed  back,  so  as  to  cause  the  point  to  come  close  to  the  pos- 
terior surface  of  the  cornea.  The  instrument  Is  then  gently  and  slowly 
withdrawn.  Perhaps  the  best  idea  of  the  action  of  the  knife  is  ohtainea. 
by  keeping  in  niinil  Arlt's  direction,  that  it  is  to  be  employed  as  a 
curved  needle.     When  the  knife  has  been  properly  used  and  gently 
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withdrawn,  the  iris,  as  a  rule,  will  not  prolapse.     Light  but  firm  iris- 
forceps,  closing  neatly  at  and  near  the  point,  but  not  quite  touching  at 
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The  corneal  ladiioa  in  Iridectomy. 


the  heel,  should  then  he  introduced  closed  into  the  wound.     When  in 
position,  the  points  are  allowed  to  separate  and  close  so  as  to  grasp  the 
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sphincter  of  the  iris  near  ite  outer  border.  The  forceps  are  geutly  with- 
drawn, pulling  a  fold  of  the  iris  out  of  the  wound.  As  90op  u  this  fold 
is  rendertnl  fiiirly  tense  it  should  be  divided  with  the  scissors  aa  close  to 
the  Ups  of  the  wound  us  practicnble.  This  is  the  critical  part  of  the 
operation,  because  any  quick  moveioent  of  the  eye  or  hoad  of  the  patient 
may  cause  a  drag  on  the  opposite  side  of  the  iris,  prodacitig  a  pa-rtial  or 
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total  loosening  of  the  niuscle  from  its  ciliiu'V  attAchroont.  In  rcstleMt 
piitientu,  it  U  ucce^imiry  to  have  an  uA.^i!(tarit  hold  the  eye  with  a  fixatioD- 
foreep!!  while  the  operator  seizes  and  L-ut«  the  iris.  In  quiet  patients,  it 
Is  Imwi  Ui  ilispensu  witli  any  fixation.  The  seizure  and  incision  of  tho 
iris,  liowever,  cotLStilute  the  painful  pnrt  of  the  operation,  causing  many 
to  wince  who  have  previously  held  still.  It  is  important  to  seixe  vho 
iria  as  directcil,  because,  if  the  forceps  arc  not  introduced  far  enotigli, 
the  sphincter  tnay  be  left  and  a.  button-hole  cut  in  the  irtti.     On  th« 
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other  liaiiO,  if  the  forceps  are  intro<luce(l  too  far,  there  h  a  risk  of  vrouad- 
iiig  the  anterior  capaule.  Fig.  8r>8  sho'w.s  tlie  position  of  the  knife  on 
the  completion  of  the  incision  jiwt  before  it  is  withdrawn  from  the  ante- 
rior chamber.  Fig.  354  shows  the  iris  where  it  is  being  aeizod  and 
(Iragged  out  of  the  wound  so  as  to  be  cut  with  the  scissors,  which  arc  in 
poaition.  Too  much  care  cannot  be  taken  in  W^kin^'  after  the  cut  edges 
of  the  iris.  If  tliey  become  entangled  in  tlie  wound,  they  BhouW  he 
seized  with  the  forceps  and  excised.  If  they  are  but  partially  engaged 
in  it,  they  should  be  gently  stroked  oot  of  the  wound  by  tlie  use  of  a 
thin  tortoise-shell  spatula.  It  is  exceedingly  important  that  the  corneal 
wound  should  be  made  entirely  clean,  &»  a  cystoid  cicatrix  or  low  grades 
of  irritation  of  die  iriM  nr  cilinry  body  may  often  appear  months  after  the 
operation,  as  the  results  of  t\n:  healing  of  ilie  iris  in  the  wound. 

In  coses  where  the  operation  is  done  fur  glaucoma.  Von  Gntefe  says 
that  "any  healing  of  the  iris  in  the  wounii  gives  liarbor  to  the  enemj 
we  are  fighting  against — viz.,  the  secretory  irritabihty  of  the  eye." 
When  the  sphincter  muscle,  or  any  portion  of  it,  is  left  undivided,  tlio 
bridge,  or  a  portion  of  it,  should  be  soizetl  with  a  torceps  or  a  blunt 
huok,  and  druisu  out  uf  thu  wound  and  cut  oS.  itiood  in  the  anterior 
chamber  may  be  coaxed  out  by  priwsing  on  the  upper  edge  of  the  wound 
nod  gently  stroking  the  cornea  below  with  the  lower  lid.  Any  small 
clots  lying  in  the  wound  may  be  removed  with  the  forceps.    Many  sur- 

?'eons  prefer  to  use  a  Graefe  cataract-knife  to  make  the  incision.  In 
act,  in  some  cases  of  glauconiit,  when  the  lens  and  iris  are  so  pushed 
forward  aa  to  obliterate  the  anterior  chamber,  it  is  the  safest  instrument 
to  employ.  In  ordinary  cases',  the  author  much  prefers  the  lance-knife. 
becauHe  the  smooth  and  eveti  ivoun<l  ma<lc  by  it,  coHptatei^  instantlv  and 
heals  more  rapidly  than  the  incisinn  that  is  made  with  the  Graefe  knife. 
The  eye  should  be  cleansed  anil  bamJageil.  The  patient  should  be  con- 
fined to  bed  till  the  wound  has  firmly  healed,  this  taking  from  twenty- 
four  to  forty-eight  hours. 

Where  ihero  16  a  choice  of  position,  the  iridectomy  should  be  performed 
at  the  upper  part  of  the  cornea,  This  should  be  done  so  as  to  have  the 
enlargecl  and  non-contractile  artificifll  pupil  covered  in  part  by  the  upper 
lid,  Uius  avoiding  any  excess  of  light  and  undue  difl'raction.  In  opera- 
tions for  optical  purpa'ies,  the  incision  is  to  be  made  in  the  litnbus  or  in 
the  cornea  just  in  front  of  it.  It  should  be  about  four  milliuietcrs  in 
extent.  Where  the  object  is  to  reduce  tension,  the  wound,  which  should 
be  about  seven  millimet«ra  in  extent,  should  be  made  where  the  limbus 
joins  the  sclerotic. 

When  the  operation  is  perfm-med  for  glam'oma,  the  anterior  chamber 
should  become  deeper  aa  soon  as  the  wound  is  iirmly  healed.     Should  it 

fail  to  do  this,  it  is  probable  that  but  little  bus  been  effected.  In  such 
a  case,  the  surgeon  may  be  called  upon  to  perform  another  iriductouy. 

This  is  usually  be-st  done  at  a  point  diametrically  opposite  to  the  first. 
Delayed  healing  of  the  voancl  is  a  most  unfavorable  symptom  in  glaa- 
coma.  Where  the  operation  is  purformcd  for  chronic  iriducvclitis, 
especially  for  that  varii^ty  which  is  due  to  sympathetic  disease,  there  is 
ofien  a  failure  to  obtain  a  satisfactory  result.  This  is  owing  to  the 
altered  condition  of  the  tissueci.     The  sofl  and  fuzzy  tissue  tears  out  in 
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tlie  graap  of  the  forcepa,  reDtlering  it  impossible  to  excise  any  large  por- 
~  in  of  tlie  IriH.  If  there  is  much  ptnatic  udfaesioti  between  the  unierior 
ipsule  of  the  lens  and  the  irin.  thu  luns  is  u«uallv  opatjue,  rendering  it 
freuuently  dcsiralile  to  evacuate  it. 

Koreiyai*  is  an  operation  thai  i<t  performed  at  times  to  free  the  iris 
of  adhesions  to  the  aDterior  capsule  of  the  lens.  The  best  method  of 
performing  it  is  that  of  PasiiaTant.  Ati  incision  is  made  into  the 
cornea  as  if  for  iridectomy.  The  iris  is  then  seized  in  the  grasp  of  the 
forceps  over  the  adhesion  which  il  ia  desired  to  loosen.  The  adhesion 
is  now  torn  from  the  capsule  b_v  a  series  of  very  gentle  lateral  and  fo^ 
ward  pulU.     Only  one  synechia  ie>  to  bo  detached  at  each  opemtion. 

Irid<nUgit  is  a  moHt  ingeniouH  opemtJon  which  was  devise<l  by 
Oritchett.  Ader  opening  the  anterior  chamber  by  an  incision  in  the 
cornea  juHt  inside  of  the  liiubus,  a  pair  of  forceps  is  intniduced  and 
the  iris  is  seizetl  between  the  outer  edge  of  the  sphincter  and  the 
periphery.  The  membrane  is  then  gently  drawn  into  the  wound  nnd 
tied  in  this  position  by  a  thread  on  the  outride,  l^ie  slight  loop  of 
irU  thus  produced,  is  either  snipped  off  after  an  interval  of  forty-eight 
hours  or  allowed  to  heat  in  the  cornea  without  interference.  A  mobile 
but  somewlmt  di^torti-d  pupil  it?  tlius  obtained,  which  can  bo  placed 
oppoflite  to  any  clear  oi*  properly  curved  portion  of  the  cornea  at 
pleasure.  Should  the  case  be  one  of  dislocuted  but  transparent  lens, 
the  central  part  of  the  lens  may  be  thus  utilised.  In  caaes  of  zonnlar 
cataract,  the  pupil  may  be  likewise  placed  opposite  to  the  clear  part  of 
the  lens.  The  fiict  that  iridocycUiis  sometimes  occnrs  months  or  even 
years  after  the  operation,  and  in  some  instances  excites  sympathetic 
inflammation,  has  letl  to  the  abandonmeni  of  the  procedure. 

Iridotomjf  consists  in  a  division  of  the  fibres  of  the  inn.  It  is  fre- 
quently resorted  to  after  cataract  operations,  or  after  iiyuries  of  the 
lens,  where  the  pupil  has  been  obliterated  by  the  iris  drawing  ap  into 
the  wound.  In  many  instances,  a  Uny's  knife-needle  passed  throogb 
the  tense  iris  in  a  direction  at  right  angles  to  the  lineof  greatest  tenskn, 
ia  sufficient  to  make  an  admirable  pupil.  If  desired,  a  lance-knifr-may, 
after  passing  through  the  corner,  W  thrust  into  the  iris.  Where  a 
dense  membnine  is  situatetl  Itehind  the  iris.  tlie«« procedures  will  not  be 
sufficient.  Here,  a  lance-knifr  is  entered  through  the  cornea  so  as  to 
make  n  wound  of  four  millimeters  in  extent,  and  iTie  point  of  the  instm- 
menl  is  tlirust  through  ihe  iris.  It  is  then  witlnlruwn.  A  U'eckcrs 
ecifLSors  in  next  introiiucod  into  the  anterior  chamber,  one  blade  being 
thrust  behind  the  iris  and  the  other  in  front  of  it.  The  instrument  is 
gentiv  pushed  along  as  far  as  necessarr.  The  blades  are  then  closed, 
aud  the  iris  is  cut.  Where,  however,  the  cut  edg«s  of  the  iris  either 
do  not  retract  or  retract  hni  little,  it  sometimes  becomes  necessary  to 
follow  the  procedure  by  a  second  incision  made  at  an  angle  to  the  first 
one.     The  second  operation  will  often  secure  a  satisfiictnry  reealt. 

Cataract  is  removed  from  the  pupillary  space  by  three  metbodii 
I.  Extraction,  done  by  cutting  the  eyeball  open  and  taking  out  tite 
opoqae  lens.  II.  IHgeuaion,  made  by  catting  the  anterior  eapsuleand 
some  of  the  superficial  lens-fibres,  so  as  to  allow  the  entrance  of  the 
aqueous  hnraor  into  the  substance  of  the  lens  io  order  to  exercise  its 
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solrent  action  upon  it  for  the  gradual  retQOva]   of  tbe  lens  material. 
III.  Reslination  or  Couching,  accouiplishcdby  pushing  the  lens  out  of 

'  tbe  pupillary'  space,  tind  forcing  it  to  assume  another  position  in  the 

Evitreoiis  humor. 

I.  In  the  performiinceof  thcjiap  operation  without irith-ffomif  (aimpte 
extraction),  the  het\  on  which  the  patient  is  to  remain  after  th*  oiieration 
ehoiilil  be  ao  p1ucc<l  that  n  fiood  strong  l)»iit  from  the  upper  part  of  a 
window  (if  poasible.  light  that  is  reflected  from  the  sky)  will  fall  upon 
the  jmtient'H  fnuf-  when  he  i»  placed  in  the  recumbent  position.  If  the 
head  of  the  heti  is  high,  the  pHlient  may  be  reversed,  ao  that  an  assistant 
Mt  the  foot  of  the  bed  may  stand  behind  the  pixlient  to  steady  the  head 
and  raise  the  upper  lid  with  a  wire  or  a  DeHninrres  elevator.  Many 
operators  prefer  a  spring  speculum.  This  is  a  great  advantage  if  there 
no  skilled    nniiatanti).     Unless   the  speculam   is   very   earefully 


ins 
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uratched,  however,  it  is  apl  to  cnuse  unneccssury  tenwon  on  the  eye; 
and  further,  if  loM  uf  vitreous  'x'curs,  it  id  iniptwaible  to  remove  the 
instrument  as  quickly  iiml  as  gently  as  the  elevator  can  be  removed. 
The  bulbar  conjunctiva  io  th^n  seized  just  below  the  cornea  with 
toothed  fixation-forceps.  If  this  membrane  is  too  friahle  cobear  a  pull 
with  the  forceps,  as  it  sometimes  is  in  the  old  and  badly-nourished,  the 
instrument  is  made  to  grasp  the  fascia  over  the  insertion  of  the  inferior 
rectus  muHcle.  With  a  broad  Oraefe's  knife,  or  with  a  irianjxular  knife, 
Lch  as  BecrV  or  Sichel's,  an  incision  is  made  into  the  cornea  jueit  In 
Ivance  of  the  timhus,  at  a  point  immediately  above  the  horizontal 
median  line.  PaH^ing  the  hiade  of  tbe  inflirument  across  the  anterior 
chamber,  the  counter  puncture  is  made  hy  its  point  at  a  corresponding 
position  on  the  other  side,  if  the  Oniefc's  knife  is  used,  its  point 
should  be  tnadc  to  cut  upward  with  tolerable  rapidity,  and  in  draw- 
ing it  back  it  should  cut  at  the  heel,  so  as  to  get  it  well  into  the  upper 
part  of  the  itntcrior  chauiber  before  any  aqueous  liiinior  cAoipca.  If 
this  manoeuvre  is  not  properly  done,  the  iris  may  f»ll  forward  on  the 
edge  of  the  knife.  If  lliis  should  happen  in  either  wise,  the  bridge 
which  is  left,  should  he  divided  hy  a  gentle  sawing  motion  until  the 
incisioo  is  completed,  the  edge  of  the  knife  having  everywhere  been 
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kept  jast  in  front  of  llio  litnbus.    If  the  triangular  knife  ha*  bw-n  «" 
it  mast  be  remembered  that  afier  a  proper  counteri)Uiicture  Iim*-^ 
made,  the  instrument  cuts  like  a  wedge  by  being  eimplv  poshed  rorwipi. 
Fig.  355  shows  how  the  cornenl  iiiciaion  is  perfonneU  when  an  npiMii 
flip  IB  being  made  with  a  tri&ngiilar  knife.     In  any  case,  the  o])entio& 
cannot  be  too  gentle.     All  prewure  on  the  ejreball,   either  with  Uu 
fixBlion-forceps  or  with  the  knife,  should  he  avoidwl,  nnd  the  aqaeou 
bnmftf  should  be  allowed  to  escape  slowly  as  the  cut  is  completed.    Tb* 
incision,  thus  made,  lies  in  the  clear  cornea,  about  one  millimeter  di«l»^ 
from  the  tinibus,  so  chat  in  detaching  the  flap,  a  rim  of  corneal  tiss^^H 
ererywhere  left  at  the  junction  with  the  sclerotic.     When  the  anl^H 
ehatuher  in  hLhIIow,  ilie  making  of  the  incision  is  faeiliiatcd  by  having 
the   pupil    previouslv   diliLted    with    cocaine.     Tf  lliis    be    insuJBcient, 
homatrupine   should    be  used.       Fig.   'ioG  reprei^ents    the    pusition  of 
the  incision  when  the  section  is  made  dowD«anl« 
as  WHS  usual  with  most  of  the  older  opcratorsu 
The  figure,  made  double  normal    size    for  more 
ready  discrimination  of  the  lines,  Js  here  givea 
to   aid   the   reader    in    understanding    the    pon- 
tion  of  the  incision,     a  is  the  outside  puncture:  d 
is  the  point  where  the  knife  enters  the  membrane 
of  Deecemel  ;  c  is  the  point  of  counterpuncluro 
in  Dcacemet'a  membrane,  and  b  is  the  counter- 
puncture  on  the  surface  of  the  cornea ;  <^  r  c  is  the 
line  of  the  completed   incinion  in  the  membrane  of 
Desccmet,  and  n  if  h  the  line  of   the  completed 
incision  at  the  surface  of  the  coniea.     The  curved 
dotted  line  indicates  the  position  of  the  margin  of  the  lens.     If  the  l>o»- 
marrcs  elevator  be  used,  it  is  advisable  to  let  the  patient  close  the  eye 
and  rest  it  before  proceeding  to  cut  ihe  capsule.  This  may  now  be  done  by 
making  either  a  cross-cut  in  it  witli  u  doubles d^ed  needle  or  a  V-Iike  cat 
with  a  cystitomc.     Manv  operalor»^  havo  advitted  altemping  to  cut  a  piece 
out  of  the  anterior  cajisulp  either  with  a  cystitome  or  wiih  a  toothed  forceps. 
In  the  opinion  of  the  author,  an  endeavor  sliould  be  made  to  make  the 
ofH'ning  targe  and  central,  and  to  push  aside  iind  tuck  away  the  torn 
flaps  of  the  capsnle.     Knapp  rccommenrls  a  hnrixontal  division  of  the 
capsule  bv  a  single  slit,  making  this  behind  the  iris.      He  doe»  this 
in  the  Iwllef  that  such  an  incision  prevents  contact  of  cortical   matter 
with  the  iris,  thus  tending  to  prevent  in  flam  nia  tor}'  reaction  from  this 
sensitive  blood -bearing  muscle.     On  the  other  hand,  tbe  capsule  thus 
left  in  the  pupillary  »pAce  is  sure  to  thicken,  and  thus  make  a  secondary 
operation  necessary.     In  over-ripe  cataracts  where  the  anterior  capsule 
la  thickened,  it  tnay  be  perforated  with  a  <<hnr|)  liiiok,  and  the  leiia  and 
tlie  entire  capsule  drawn  out  of  the  eye.      Upon  the  completioii  of  the 
capsulotomy.  the   lens  generally  comts  forward.     The  surgeon    is  now 
ready  to  dispense  with  fixation-forceps  and  to  delirer  the  lens.     To  ilo 
this,  he,  with  the  thumb  of  one  hand  on  the  upper  lid,  and  two  flnsera 
of  ibe  other  on  the  lower  lid.  gently  tilts  the  up]ier  edge  of  the  Vena 
forward  by  «ilight  pres^iure  backward  over  its  lower  margin.     The  lens 
is  then  coaxed  out  of  the  wound    by  stroking   the  cornea  upward. 
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Should  he  prefer,  the  fixation-forcepa  may  lie  kept  in  position.  Slight 
pressure  backward  at  the  lower  corneal  toargin  t»o  aa  to  tilt  the  upper 
equatorial  edge  of  the  lens  forward,  can  b«  made  with  a  tortoise-shell 
or  hard-rubber  spoon,  the  same  stroking  manfpuvre  being  repeated  wUh 
the  spoon  as  that  deacribcul  to  bo  executed  on  the  lower  lid  by  the 
fin^ervi.  For  beginners,  the  latter  method  of  delivering  the  lens  Is  the 
safer,  as  they  are  \vS9  likely  to  exercise  undue  pressure  on  the  eyeball, 
and  thus  rupture  the  hyaloid  membrane.  If,  uwin^  to  absence  of 
orbital  fataod  a  want  of  proper  pressure  on  the  globe  fmm  the  orbiou- 
laiia  and  straight  muscLes,  the  lens  and  the  vitreous  do  not  come  forward 
against  the  cornea,  the  cystitome  should  be  reintroduce*!,  so  as  to  he  eer- 
tain  that  the  cajisule  is  dividtfd.  This  procedure  should  be  accompanied 
by  slight  nrtisHure  on  the  lower  part  of  tlie  bull.  If  the  capsule  has 
been  diviaed,  the  preMure  will  cause  the  upper  edge  of  the  lens  to 
present  in  the  wound.  If  the  lens  still  fails  to  come  forward,  the  cor- 
neal incision  ts  probably  too  small,  and  shouhl  b«  carefullv  enlarged 
with  the  scissors.  If  vitreous  pre8«ntft,  appearing  as  a  dark  line  at  the 
iip])cr  part  of  the  wound,  all  attempts  at  stroking  out  the  lens  should 
be  abandoned,  as  such  efforts  will  usually  cause  more  ritreous  to  come 
forward,  allowing  the  escaping  bead  tu  force  the  leas  downward  and 
backwartl  into  the  posterinr  cliambcr.  Under  thcae  circumstances,  a 
wire  loop  is  to  be  carefully  introduced  behind  the  lens.  When  thi» 
bas  been  accomplished,  the  handle  of  the  instrument  is  raised  so  at  to 
throw  its  upper  end  slightly  buckwnrd,  thus  causing  the  loop  to  catch 
the  len.».     By  now  preftsing  the  instrument  gently  forward  toward  the 

t  cornea,  the  lens  is  rradily  hroiight  out  of  the  wound.  Some  operators 
prefer  to  draw  out  the  Sena  by  a  sharp  book  thrust  through  the  jKtsterior 
surface  of  the  lens-substance. 

If  there  has  not  been  any  rupture  of  the  hyaloid,  escajie  of  vitreous, 
or  other  accident,  it  becomes  necessary  to  endeavor  to  evacuate  all  loose 

,  cortical  matter  and  to  obtain  a  perfectly  clear  and  black  pupil,  so  that  the 
patient  call  readily  count  fmgeis  hold  at  a  distance  of  eighteen  inches. 
This  may,  at  titnus.  be  done  by  ro^teated  stroking.  In  order  to  still 
more  thornuglily  remove  all  cortical  riuUtor  from  the  anterior  and  the 
posterior  chambers,  various  means  of  washing  out  these  receues  have 
been  devised.  The  solution  usually  ut^ed  \»  distilled  wiiter  iir  a  weak 
solution  of  boric  acid,  that  has  been  carefully  warmed  to  blood-heat. 
The  instrument  of  Lippincott,  by  which  a  stream  of  water  impelled  by 
gravity  can  be  readily  regulated  as  to  size  and  force  of  stream,  is 
admirably  adapted  fur  this  purjKPse.  It  has  the  disadvantage,  however, 
of  introducing  another  iuRtrunient  into  the  imterior  chamber  and  thuH 
giving  additional  opportunity  for  accident  in  restless  or  nervous  patients. 
Furthermore,  it  seems  to  the  author,  that  even  when  carefully  tnanaged, 
it  always  causes  some  disturbance  in  the  nutrition  of  the  cornea.  As 
the  intrcwlucUon  of  weak  solutions  of  bichloride  of  mercury  always 
causes  clouding  of  the  cornea,  they  should  be  avoided.  Panos  rtMJom- 
mends  a  weak  solution  of  the  biniodide  of  mercury  a.i  the  proper  agent 
for  washing  out  the  anterior  chamber. 

If  the  iris  has  its  proper  resiliency,  it  will  allow  its  pupillary  open- 
ing to  be  stretched  to  permit  the  exit  of  the  lens  ;  drawing  back  into 
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place  nftcr  the  lens  is  extracted.  If  the  pupil  is  displaced  towar<]  thi; 
incision,  the  iris  mav  be  ueDily  stroked  back  into  plftce  by  a  small 
torloiae-shell  dpatula.  If,  however,  the  iris  prolapses  und  remniiui  pn>- 
lapsed,  the  proUudina  poriion  should  be  seizet)  with  the  forceps  utd 
excified.  Care  t^ttoum  be  tjikeii  thai  the  angles  <>f  the  coloboma  are 
Btmked  back  into  place.  If  the  corneal  incision  has  been  properly 
made  and  placed,  there  will  usually  be  no  prolapse  of  the  iris.  If  it  be 
placed  too  far  hack,  this  accident  is  altnoat  unavoidable.  If  the  inciuon 
be  ujade  as  directed,  the  wound  at  the  membrane  of  Descetoet.  measuring 
Lui'jzontally  about  nine  miltimcters,  will  gape  antero-poetcriorly  to  three 
or  four  millimeterit,  thtL<4  giving  ready  exit  to  the  lens.  No  greater 
mistake  can  be  made  than  either  to  introduce  the  knife  too  obliquely  or 
to  place  the  incision  loo  far  forward,  thus  causing  the  inner  edge  of  the 
corneal  wound  to  be  loo  small  to  permit  tlie  easy  exit  of  the  Ien».  If 
the  operator  makea  these  mis^takcs,  he  should  immediately  cnlarjze  the 
wound  at  each  end  with  a  pair  of  fine  acisaorB.  After  ibe  completion  of 
the  operation,  two  or  three  drops  of  a  quarter  of  a  {.Tuiu  solution  of 
Bulphate  of  eHerine.  to  insure  contraction  of  the  pupil,  t^honld  lie  in- 
Btitled  The  method  of  operating  above  given,  is  nearly  the  ."Mime  n 
that  dencrihed  by  Daviel,  Beer,  and  the  older  operators.  Most  surgeons 
of  the  nresent  duy  make  the  Hap  a  little  smaller,  so  as  to  comprise  about 
iwo-fimie  of  the  cornea.  If  the  incieion  be  made  in  the  liuibus  of  the 
cornea,  where  the  tls^uea,  being  vasmlar,  heal  more  readily,  its  position, 
though  facilitating  the  exit  of  the  lens,  necessitates  an  iridectomy  and 
disposes  to  loss  of  vitreous.  A  lewer  degree  of  peripbericity  in  the 
cut,  although  giving  a  conjunctival  fiap  which  is  liable  to  bleed,  insurw 
an  earlier  closing  of  the  wound.  In  the  opinion  of  the  author,  the 
more  ]>eripheral  cut  should  always  be  avoided  if  it  is  desired  to  perfonn 
the  operation  without  iridectomy.  In  the  eimple  flap  operation  for 
extraction  as  invented  by  Daviel,  and  nractided  by  many  later  surgeons, 
the  incision  was  made  downward.  Other  operators  preferred  making 
the  cut  upward — a  practice  tliat  i.i  lollowed  by  the  author,  who  belierea 
lliat  the  flap  no  placed  is  better  splinted  by  the  upper  lid. 

In  thcjlap  operation  ttith  irtdfctom^f,  the  incision,  except  when  it  is 
desired  to  include  but  iwo^fifchs  of  the  coniea,  is  performed  in  a  manner 
that  is  similar  lo  that  which  is  made  for  simple  extraction.  If  a  coi»- 
junctival  flap  is  desired,  the  incision  may  be  placed  a  little  nearer  to  the 
periphery  of  the  corneii.  The  iris-torceps  are  intitMluved  into  the 
anterior  chamber,  and  the  iris  is  seized  and  cut  as  has  been  described 
in  the  openition  for  iridectomy.  Often,  there  is  sufficient  hemorrhage 
from  tlie  cut  iris  to  prevent  a  good  view  of  the  pupillary  area  and  a 
proper  cutting  of  the  capsule  of  the  lens.  When  tJiis  occurs,  the  eye 
should  be  closed,  hot-water  compresses  appliinl,  and  endeavors  niadeio 
secure  the  exit  of  the  blood  by  pressure  on  the  upper  lip  of  the  wound, 
while  the  cornea  is  gently  stroked  upward.  The  opening  of  the  capsule 
and  the  delivery  of  the  lens  are  accomplished  as  described  under  the 
rules  for  the  performance  of  the  simple  flap  operation.  Just  aa  before 
statcil.  care  must  be  taken  to  see  that  the  cut  edges  of  the  irie  arc 
properly  replaced,  and  not  left  entangled  in  the  wound.     The  cleana- 
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JQg  of  the  &at«rior  chamber  from  cortical  remnants  Ja  then  proceeded 
irith  in  the  same  manner  as  explained  for  the  simple  method  of  ex- 
traction. 

After  completion  of  all  flap  operations,  either  with  or  without  iridec- 
tomy, the  CTC  BhouM  hti  gentlv  washed  with  lukewarm  boracic  acid 
solotion.  This  k  done  in  order  to  remove  anv  tracea  of  lens-uiatter  or 
blcKwl  from  the  oonjunctivftl  sac.  If  llie  eye  is  otherwine  healthy,  a 
slight  amount  of  blood  remaining  in  the  anterior  chamber  in  of  little 
consequence,  as  it  is  generally  ubsorbeil  in  from  twenty-four  to  forty- 
eight  hours'  time.  In  all  cases,  both  eyes  should  be  gently  closed, 
covered  with  antiseptic  gauze  wot  with  a  onc>to-four-tbousaud  solution  of 
bichloride  of  mercury,  and  a  light  pad  nf  antiseptic  cotton.  After  those 
have  been  applied,  the  eyeii  should  he  cArefully  bandaged.  In  all  tiap 
operations,  there  it;  great  danger  of  the  patient's  opf>ning  the  wound 
during  the  first  few  days  by  ill-cons iiiereil  efforts  at  coiigfiing,  stniining 
at  stool,  or  moring  in  bed.  The  patient  should  be  warned  of  the  danger 
of  putting  his  hands  to  his  heaH  or  of  touching  the  bandages.  The 
TcstlcAsness  and  backache  which  generally  nriae  irom  his  being  obliged 
to  remain  long  in  one  position,  mtiy  lie  allayed  after  thu  first  few  hours, 
by  having  him  gently  raised  to  a  sitting  posture  in  bed  and  slipping  a 
best-rest  behind  him. 

Linear  extraction  is  a  proceeding  that  is  adapted  only  to  Huid  or 
partly  fluid  cataracts,  or  to  sucli  cataracts  as  have  undergone  considerable 
shrinking.  The  pupil  should  be  dilated  to  its  utmost  before  performing 
the  operation.  An  incision  from  six  to  nine  mitlimetors  in  extent  at  a 
point  about  halfway  between  the  centre  and  the  periphery,  is  made  in 
tlie  cornea  with  a  lance-shajied  knife.  The  aqueous  humor  should 
be  evacuated  slowly,  so  as  to  retain  at  least  part  of  the  pupillary  dilata- 
uon.  If  the  cataract  is  shrunken,  a  sharp  hook  is  introduced  into  it. 
Mid  the  lens  drawn  out  of  the  opening.     In  semi-fluid  cfitaracts,  the 

I  capsule  is  opened  with  a  cystitome,  the  fluid  cortical  is  evacuated  through 
the  wound,  and  the  uucleua  of  the  lens  is  gently  stroked  out.  In  soft 
cataracts,  a  discission  may  be  done  a  few  days  previously,  to  further 
Soften  and  liquefy  the  lens-matter  that  is  to  be  extracted. 
In  the  peripherni  linear  operation,  which  was  first  adopted  by  von 
Gmefe,  the  pupil  having  been  dilated,  the  incision  is  made  with  a  knife 

t whose  blade  is  two  millimeters  broad  and  three  and  a  half  centimeters 
long.  The  knife  is  introduced  with  its  point  directed  to  the  centre  of 
the  pupil  at  a  point  in  a  line  which  is  coincident  with  a  vertical  tangent 
to  the  outer  border  of  tlie  cornea,  one  and  a  bu.lf  niillimelers  from  it, 
and  two  millimeterfi  below  the  horizontal  tnngent  of  the  upper  border. 
When  it  has  penetrated  to  about  six  millimeters,  the  handle  is  lowered, 
thus  carrying  the  point  up  and  across  the  chamber.  The  counter- 
puncture  is  now  made  at  a  corresponding  position  on  the  other  side,  the 
knife  being  made  to  cut  out  just  at  the  upper  border  of  the  cornea  by  a 
gentle  sawing  motion.  The  incision  of  the  wall  of  the  eyeball  being 
completed,  the  conjunctiva  in  front  of  the  knife  is  cut  by  turning  the 
edge  of  the  in)4trunient  forward  and  cutting  out  slowly,  so  as  to  form  a 
conjunctival  flap  of  two  to  three  millimeters'  width.   If  the  heel  of  the 
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kiiifo  be  raised,  the  conjuncti\'s  may  be  divided  more  raptiily.    Rg. 
357  graphically  explains  tlic  method  of  operating.     The  «io(tM  line* 

indicate  tlie  fertical  and  borizontal  tan- 
gents of  the  oomeo.  a  is  ilie  point  of 
puncture,  and  c  is  tliat  of  tbu  cuunter- 
puncture.  The  straight  solid  line,  «  b,  indi- 
cate-s  the  original  mrection  of  the  knife. 
The  curved  line,  a  c.  sbovra  the  poaition  of 
the  wound  in  the  eyeball,  and  the  eartt^ 
c  d  a,  indicates  the  situation  of  the  coo- 
junctival  Hap,  The  oonjunctira]  flap  if 
now  pushed  hack  on  the  comea,  and  a  por> 
tion  of  the  iris  is  seised  with  the  indeo- 
tomy-foroeps  and  cut  off  accurately  at  the 
nuier  margin  of  tho  wound  with  the  iris- 
acissors.  A  V-shaped  or  t|imdriliiierul  oppning  is  then  cut  in  the 
anterior  capsule  with  a  cystJiome.  ^Vhile  the  fixation-forceps  still 
retoin  their  grasp  on  the  eyeball,  presisure  is  made  witli  a  rubber  w 
tortoise- shell  spoon  at  the  lowor  edge  of  the  cornea.  The  iipprx  margin 
of  the  lens  equator  is  next  gentlv  pushed  forward  into  tlie  wound  by  a 
gcmdual  stroking  motion  of  ilie  s]H)on  on  tlie  cortiea,  and  the  lens  is 
extruded  from  the  eye.  By  a  continuation  of  similar  stroking  more- 
menu,  ^ther  with  the  fingers  on  the  lids  or  with  the  spoon  on  the 
cornea,  all  remnants  of  cortical  matter  are  removed  from  the  antehor 
chamber.  As  deep-lying  fragments  sometimes  elude  these  manipuU- 
tioDg,  it  is  usually  better  ui  leave  them  to  absorh,  rather  than  U>  risk 
BUT  loss  of  vitreous  by  attempting  to  effect  their  removal  with  aapooii. 
Any  clot  of  blood  is  to  be  remored  from  the  wound  with  the  iris-forcepa. 
The  cut  edges  of  the  iria  are  disentangletl  from  the  incision  and  stroked 
back  into  place  with  a  thin  honi-spatnla.  The  conjunctival  fiap  is  care- 
MIt  replaced,  thus  concluding  the  operation. 

n.  biteiwion  is  cflccted  in  two  ways  :  either  by  introdncing a  needle 

the  cornea,  or  by  carrying  it  through  the  sclerotic  coat.     Tbe 

■Mthod   is   known   as   keraionyiis,  and   tho  second    is   termed 

Id  cither  plan,  the  pupil  is  to  be  previously  dilated  tn  its 

by  repeated  instillations  of  &  four-grain  solution  of  atropine. 

operation  is  the  one  that  is  usaally  to  be  preferred.     To 

it,  K  double-edged  sharp  nee^lle.  with  its  cutting  portion  m:idc 

»«•  ifane  millimeters  in  length,  fastened  to  a  stout  cyliodrieal 

Aa£  filb  op  the  cut  made  by  its  point  m  as  to  prevent  low  of 

MRiiaired. 

lahMad  preferably  through  the  lower  outer  quadrant  of  the 

haakUf'Way  between  the  centre  and   the  [leriphery.      A  cut 

^^  j^  Ac  anterior  capsule  by  using  the  instrument  as  a  terer 

ia  the  corncfl.     The  needle  is  then  slightly  drawn 

and  another  incision,  preferably  at  right  angli!* 

across  the  first  capsalar  incision.     The  ^paale 

^  Ac  Tti-T  6bres  of  the  lens  are  thus  divided.     As  the 

Ae  kcM  in  a  statH  of  tension,  when  it  ia  inuul,  it 

10  force  a  little  mass  of  lenticular  safaatsiKe 
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into  tlie  anterior  clmmWr  when  it  is  divided.  As  this  portion  of  the 
lens-ni»tt«r  is  acted  upon  Ity  tlie  aqutKJUs,  it  becotaee  more  opni|ue. 
Sometimes,  portions  of  it  drop  ofT  and  fait  lo  the  bottom  of  the  anterior 
cliumbcr.  At  lli?  concluHion  of  the  operation,  atropine  is  to  be  rein- 
fttiUed.  and  both  oye»  are  to  be  closed.  Great  care  ahould  be  taken  not 
to  do  too  much  at  the  firai  sitting,  ks  otherwise  such  swelling  of  the 
lens  may  arise  a«  to  press  the  iris  against  iho  cornea  and  to  suQicienlly 
tDterfcro  with  intra-ocuiar  circulation  as  to  bring  on  an  iittnok  of 
glaucoma.  If  this  should  occur,  the  atropine  must  be  flopped  aud 
tension  diminished  by  tapping  ihe  anterior  chamber  and  allowing  the 
escape  of  some  of  the  lens-matter.  If  necessary,  this  procedure  should 
he  followed  by  au  iridectomy. 

The  operation  is  well  adapted  lo  the  soft  cataracts  of  infancy  and 
cliddbood,  yielding  excellent  and  perfect  results.  Asa  rule,  it  must  be 
repeated  several  times.  As  the  pmceiHK  of  absorption  is  ahiw,  a 
period  of  not  less  than  ten  to  twelvi?  week;*  must  be  counted  nn  for 
complete  clearing  of  the  opsquc  lens.  When  the  capsule  is  hard  and 
the  lens  is  lough,  the  needle  should  he  bored  into  the  lens-substance  by 
n>tary  motions,  as  otherwise  the  lens  might  often  bu  dislocated  instead 
of  making  an  efiicient  Hlit  in  the  i'ji|iHnle.  The  pupil  la  to  be  kept 
diUted  by  the  free  use  of  atropine  during  the  entire  Jifter- treatment. 

In  the  operation  for  sderonyxis,  a  double-edged  needle  with  the 
cutting  j>ari  made  alightly  curved  on  the  flat,  or  better,  a  Hay's  knife- 
needle,  is  introduced  into  the  sclerotic  about  fourmillimeterB  behind  the 
cornea  and  juat  below  the  hnrixontal  median  lino  of  the  globe.  When 
the  point  of  the  instrument  i»  placed  on  the  outer  side  of  the  sclerotic, 
it  is  directed  liiwanj  the  centre  of  the  eyebnll.  After  entering  the 
globe,  however,  it  is  turned  forward  and  gently  slid  up  between  the 
posterior  surface  of  the  iris  and  the  anterior  capsule  of  the  lens.  After 
it  has  attained  the  upper  inner  portion  of  the  pupil,  slight  incisions  in 
the  anterior  capsule  and  the  anterior  lens-fibres  are  to  be  made  by 
gentle  lever  motions.  In  withdrawing  the  instrument,  a  revemal  of  the 
motions  made  during  tlie  entrance  of  the  knifR,  is  to  bo  ohserved.  In 
this  way.  Hays,  Littelt,  and  others  in  I'hilndelphia  frequently  operated 
on  senile  OLlaruct.  ol^en  obtaining  absorption  of  the  lens  with  goodcye- 
BJght.  The  operation  for  this  purpose,  however,  has  been  properly 
euperscded  by  the  various  methods  of  extraction. 

III.  The  now  rarely  pcrformod  operation  of  rttdinatxon  ia  moflt 
easily  done  whilst  the  patient  is  placed  in  the  sitting  posture,  care 
being  taken  that  there  i»  good  fixation  of  the  head  and  eyelids.  Pre- 
vious thorough  dilatation  of  the  pupil  with  atropine,  is  necessary.  A 
double-edged  reclination-nccdle,  with  a  lance-shaped  blade  about  one 
milUraclcr  broad  and  three  millimeters  long,  slightly  curved  on  the  flat, 
i^  passed  ihnmgh  the  sclerotic  on  the  outer  side  of  the  eyeball  just 
heh>w  till!  horizoiitai  median  line  iind  about  fotir  millimeters  behind  the 
margin  of  the  coniea.  At  first,  the  cutting  edge  is  held  horizontally, 
and  the  needle  is  directed  toward  the  centro  of  the  eyeball.  As  soon 
as  the  lance  shaped  head  has  pa!<sed  through  the  sclerotic,  the  instru- 
ment is  rotated  so  chut  its  ctiltiug  edges  shall  be  vertical.  It  is  then 
turned  forward,  and  brought  up  in  the  posterior  chamber  between  the 
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iris  and  the  lens,  to  the  upper  inner  part  of  the  pupillary  space.  The 
hanrllc  is  now  raised  upward  and  inward  toward  tlie  glabella,  thus 
nresHing  the  lenn  downward,  hackward,  and  outward  into  the  viireotu, 
Tlie  needle  Is  held  in  position  for  a  moment,  to  allow  the  vitreoas  to 
settle  around  it.  Ti  is  ttipn  carefully  withdrawn  by  a  reverwl  of  the 
motions  that  attended  ibs  introduction.  Hard,  dense  cataracts  are  the 
only  ones  which  can  be  operated  upon  successfiilly  by  this  methorl. 
This  is  so,  because  if  similar  attempt*!  be  niadt--  with  softer  ones,  they 
will  freiiuenlly  break  up  and  leave  large  lens-f)occuti  in  the  anterior 
and  posterior  chambors  and  in  the  vitreous.  If  iheoperation  is  succeas- 
fully  executed,  the  lens  lies  over  the  posterior  part,  of  the  ciliary  body, 
where  it  hecotnts  encapsuluttd.  Should  the  patient  move  at  the  critical 
moment,  the  lena  may  lie  di3plac«d  into  the  anterior  chamber,  lo  this 
case,  it  ehouhl  be  removed  by  a  flap  operation.  If  carefiilly  executed, 
the  immcdiato  results  are  ofben  astonishingly  good.  A  moderate  degree 
of  ciliary  injection  supervenes,  which  soon  subsides  under  atropine, 
and  in  the  course  of  two  or  three  weeks  the  eye  again  becomes  perfectly 
white  and  ijuiet.  Freriuenily,  however,  the  operation  is  followed  by 
TOch  chanftes  in  the  vitreous  as  ta  aupcrinduce  detachment  of  tlie 
retina.  Still  oftener,  the  lens  lying  on  the  ciliary  body  becomee  a 
starting-point  for  inflamraatorv  changes  in  the  uveal  tract.  Such 
pathological  alterations  often  latie  months  or  years  to  beeomo  perfectly 
developed,  but  nevertheless  are  clearly  due  to  the  operation.  These 
afterresults  have  led  to  the  almost  entire  abandonme-nt  of  the  proce- 
dure, except  in  feeble  and  simple-minded  old  people  who  cannot  be 
trunteil  to  lEecp  qniet  in  the  after.treatmcnt  of  extraction.  It  is  also 
employed  for  the  removal  of  the  shrunken  hard  lenses  from  the  pupil- 
lary spac«  that  are  oflen  found  obstructing  vision  in  children. 

A-fiondartf  cataract.  In  all  forms  of  cataract  operations  in  which 
the  entire  lens  in  its  capsule  is  not  removed  from  the  eye.  dc6nite 
chniigeB  take  place  in  the  capsule,  as  shown  on  page  430.  The 
resultant  pupillary  opacities  are  designated  assecoodary  cataract.  For 
those  cases  in  which  there  is  a  thin  and  delicate  web,  the  best  method 
of  trencment  is  to  tear  or  cut  a  hole  in  it  with  a  discission-newllc  or  a 
nay'a  knife-needle.  When  the  membrane  is  denser,  two  Bowman's 
stop-needles  may  be  introduced  in  the  same  opening  in  the  capsale. 
By  sepnrating  them  from  one  another,  a  hole  can  be  torn  in  the  sec- 
ondary cataract  without  pulling  on  its  attachments  to  the  ciliary 
prooesises.  Such  membmnes  are  sometimes  removed  from  the  ^ye  in 
their  entii-ety.  This  Is  done  by  making  an  incision  in  the  cornea  just 
in  front  of  the  limbus,  inserting  a  sharp  hook  into  tlio  membrane,  and 
pulling  the  membrane  out  of  the  opening.  The  principal  objection  to 
this  method  of  proceeding  is,  that  severe  inflammatory  reaotioo  is 
likely  to  he  produced  by  dragging  on  the  ciliary  processes.  Noves  has 
sau«eted  an  ingenious  and  useful  operatioQ  in  suchoasea.  A  (yraefe's 
kime  is  thruat  thn^iugh  ilie  cornea  just  in  advance  of  the  limbus  and 
carried  through  the  anterior  chamber  and  out  on  the  other  side  at  a 
correepondine  point,  thus  making  an  incision  two  mUlimetens  in  extent 
on  opposite  aides  of  the  cornea.  As  the  knife  is  withdrawn  throagk 
the  fit^  incision,  its  point  is  made  to  cat  a  vertical  hole  in  the  men- 
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branous  cataract.  Two  blunt  liooVa  are  carried  into  the  nnterior 
chamber  through  the  two  openings  in  die  cornea,  ami  are  made  to 
catch  on  eAch  side  of  the  hole  in  the  membrane.  This  hole  is  now  enlarged 
bj  sepiiraiing  the  citrcmiiies  of  the  hooks.  Denser  membranee  mav 
be  cut  by  poaaing  a  Groefe's  knife  or  a  lance-knife  through  them.  If 
it  be  desired  to  enlarge  the  opening,  a  Wecker's  scissors  can  be  employed 
in  the  Kaiiie  inatiner  as  deecribed,  under  the  head  of  iridotomy. 

Amongst  >M>me  of  the  accidents  that  occar  during  and  after  cataract- 
extraction  are: 

1.  Collapse  of  the  cornea.  In  deep-seated  eyes,  with  diminution 
of  the  orbital  fat,  where  the  action  of  the  orbicularis  and  straight 
muscles  is  not  sufficient  to  punh  the  lens  and  the  vitreous  sufficiently 
forward  to  support  the  cornea,  collapse  of  this  membrane  readily  ensues. 
The  consequent  wrinkling  of  the  cornea  is  annoying,  as  it  prevents  the 
contents  of  the  anterior  chamber  from  being  clearly  seen  during  the 
<^eratioa.  Sometimes,  thia  want  of  resistance  makes  it  difficult  to  divide 
the  capaulc  of  ihe  lens.  Slight  pre^gure  on  the  eyehHll  with  the  fixation* 
forceps,  however,  is  often  Auflicient  to  remedy  this  defect. 

2.  Loss  of  vitreous.  This  oflen  enaues  from  want  of  skill  and 
care  on  the  part  of  the  operator.  It  may  be  due  to  making  loo  much 
pressure  on  the  eye.  It  may  also  occur  during  the  performance  of  a 
cystotomy  which  is  too  peripheral  or  too  violent,  thus  pressing  back  the 
lens  sufficiently  to  rupture  the  suspensory  ligament  and  the  posterior 
capsule.  Owing  to  pathological  thinning  of  the  zonula  and  fluidity  of 
the  anterior  portion  of  the  vitreous,  it  i^,  nowever,  ni  timc"^  unavoidable. 
If  the  accident  occurs  at  the  oompletion  of  the  first  cut.  or  while  the 
capsule  is  being  torn,  it  will  generally  be  necessary  to  introduce  a  wire 
lofip  and  remove  the  lens.  When  it  occurs  during  the  expulsion  of  the 
lens,  or  af^er  its  extraction^  it  often  prevents  the  anterior  chamber  from 
being  freed  from  dccacheil  cortical.  When  the  prolapse  is  small,  it  may 
retract  of  itself  in  a  few  hours.  If  it  remains  in  the  wound,  its  outer 
part  tuni8  yellowisli-gmy  and  sloughs  off  as  the  wound  closes.  Although 
a  confliderable  portion  of  vitreous  may  be  often  Inst  and  recovery  with 
good  eyesight  take  place,  yet  the  accident  certainly  predisposes  to  those 
ieoondary  changes  that  at  time^  result  in  retinal  detnoliment. 

3.  Hemorrhage.  Tliis  fi-euuunclv  occurs  in  operations  in  which  the 
iris  is  cut  or  where  »  conjunotiv-al  tliip  is  made.  At  times,  it  renders  the 
making  of  the  inci.sIon  of  the  capsule  a  matter  of  difficulty.  If  there 
be  con-iiderable  hemorrhage,  gentle  pressure  on  the  eye  for  a  few  minutes 
with  a  wad  of  cotton,  or  the  use  of  hot-water  compres-ses,  will  generally 
be  sufficient  to  (-heck  it.  Where  the  incision  ia  made  in  the  cornea, 
there  are  not  any  cut  vessels  to  contend  with.  Here  there  cannot  be 
hemorrhage  except  in  those  fortunately  quite  rare  caaes  where  there  have 
been  foregoing  glaucoma  and  di(>eise  of  the  coats  of  the  vessels  of  the 
chorioid.  In  such  instani^en,  the  liemorrhage  comes  from  the  interior  of 
the  eyeball.  If  the  wound  gapes  slightly  at  the  completion  ct{  the  opera- 
lion,  it  is  due  to  the  presence  of  remnants  of  cortical  matter,  lens-cap- 
aule  material,  or  iris-tissue  in  the  wound.  If  cortical  matter  be  present, 
it  should  be  removed  with  the  spoon  or  spatula,  followed  by  washing 
with  boracic  acid  solution.     If  opai)ue  and  thickened  capsule  be  found, 


it  should  be  seizod  and  cut  ofT.  If  a  portion  of  the  iri«  be  cuoglit  in  Uie 
wound,  it  should  ho  careful l_v  replaced  with  the  Bpalula.  When  the  pro- 
lapse of  the  iris  recurs,  the  prolajiscd  portion  should  b«  »ei2vd  ami 
exciHpd.  Sonietinics,  in  over-ripe  calaracts,  the  cTtitiUimo  dittlocatcs  the 
lens  instead  of  tearing  the  capsule.  In  this  caae,  th«  lens  roav  winie- 
times  be  removed  entire  in  its  capsule  hy  stroking  manipuUtionB.  or  bj 
CBichinf;  a  sharp  hook  into  its  anterior  capsule.  The  rule  is.  the  larger 
the  dap  h  uiaOcs  the  greater  is  the  danger  of  subsequent  bursting  open 
of  the  wound  b^  any  i«training  on  the  part  of  the  patient  or  b_y  prewurc 
on  the  eye.  Sometimes,  the  break  may  simply  allow  live  aqueous  humor 
to  leak  out  for  a  time  and  thus  delay  heoliug.  Oftener.  however,  the 
iris  will  prolapse  into  the  wound,  causing  at  times,  the  seqiielie  of  iritis 
and  iridocyclitis.  When  severe  inflammatory  reaction  do«B  not  set  in. 
it  is  well  to  excise  the  prohipse  on  the  fifth  or  sixth  day.  Someiiinea, 
the  healinjE;  of  the  wound  may  he  further  advantageously  stimuhited  by 
gently  touching  the  lips  of  the  wound  with  &  galvauo-cautery.  Poai- 
operwve  inflammation  Is  best  combated  hy  the  employment  of  oold 
compreMCS  and  atropine.  In  the  feeble,  however,  heat  mast  be  mbsti- 
tuted  for  cold,  and  the  general  circalation  and  notrition  aided  by  the 
administration  of  stimulants, 

Inasnjuch  as  Daviel's  method  is  now  often  done  with  a  rather  stnalter 
tlap  and  the  operation  is  porformed  with  the  ob.servanco  of  strict  anti- 
septic precautions,  moat  surgeons  of  large  experience,  prefer  the  flap 
upenition  without  iridectomy.  Bv  resorting  to  such  measures,  it  has 
been  hoped  to  get  rid  of  one  of  the  most  formiilnide  objections  to  the 
old  operation — sloughing  of  the  cornea — which,  in  the  hands  of  the  best 
operators  by  iho  old  method,  occurretl  from  six  to  eight  times  in  everv 
one  hundreil  ease.'',  It  is  beyond  dispute  that,  when  the  operation  is 
iViccefisful,  it  is  the  ideal  one,  as  it  leaves  an  eye  which,  to  actual  inspec- 
jon — except  in  the  depth  of  the  anterior  chamber— almost  exactly 
resembles  Its  fellow.  It  also  has  the  advantage  of  giving  the  patient  a 
round  pupil  and  a  mobile  iris.  Kven  in  the  hantls  of  the  most  expert 
operators,  however,  prolapses  which  require  to  be  cut  off,  will  occasion- 
ally occur.  Moreover,  there  is  more  likelihood  that  the  wound  will  open, 
thus  allowing  the  iris  either  to  prolapse  or  to  become  adherent  to  the 
cicatrix.  Again,  the  position  of  the  iris  macfaanically  renders  the  com- 
plete emptying  of  the  cortical  matter  out  of  the  poetorior  chamber  at 
the  time  of  the  operation,  difficnit.  On  the  other  hand,  iridectomy  often 
causes  a  hemorrhage  at  the  time  of  operation,  thus  rendering  the  further 
steps  in  the  procedure  more  difficult  to  perform  properly.  In  prominent 
eyes,  where  the  coloboma  is  not  well  covered  by  the  upper  lid.  an  annoy- 
ing diBtision  of  liglit  is  produced  when  the  patient  is  out  of  doors  or  is 
facing  some  source  of  light,  such  as  a  window  or  a  lamp.  L'ndcr  favor- 
able circumstances  (such  as  in  moderate  illumination),  the  acuity  of 
vision  is  not  mnterinily  affected  by  the  coloboma. 

In  complicated  cases,  where  there  is  any  suspicion  of  chronic  inflam- 
mation in  the  uveal  tmci,  or  where  there  appears  to  be  a  tendency  to 
glaucoma,  a  preliminary  iridectomy  performed  six  weeks  or  two  mouths 
before  the  operation,  produces  marked  improvement  in  the  nutrition  of 
the  eye.  and  offers  greater  chances  fur  a  successful  rt^ulL     In  any  case. 
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the  iridectciny  renders  the  clenQsing  nf  the  anterior  and  the  posterior 
chambers  from  any  remaining  cortical  touch  easier  to  perform.  Further, 
ie  enables  the  corneal  wound  to  be  made  smnllor.  As  to  the  question 
of  suppumtion  of  the  cornea  or  infectious  indaumiation  of  the  iri».  the 
present  antifwptic  methods  ought  to  render  either  methwl  of  proced- 
ure ef|ua1lT  efficacinns.  The  author,  therefore,  while  fullv  realizing 
that  the  subject  is  »tiU  atib  Judice.  is  inclined  to  believe  that  out  of  any 
considerable  number  of  consecutive  cases  tnken  aa  tliev  occur  in  hospital 
practice,  and  operated  on  by  the  same  individual,  the  operation  with 
iridectomj  will,  in  the  average,  give  the  belter  rci^ults.  In  ciir)sei|uence, 
he  w  dinpoiied  to  reiterve  lh«  operation  by  the  corneal  flap  without  iri- 
dectomy for  those  eases  in  which  there  is  but  tittle  soft  cortic«!.  where 
the  iris  is  still  elastic  and  dilatable  (ui  maximum,  and  where  reasonable 
quietude  can  be  expected  for  at  least  three  or  four  days  after  the  opera- 
tion. 

ParaiTenten»  hulbi,  or  opening  of  the  gf/ehall  throttgh  the  Mflerfltie,  is, 
occasioually  iiinile.     This  is  done  either  to  eiHible  soiue  forei^  body- 
such  as  a  cyijticercus  or  a  piece  of  metal,  to  he  extnicce<i  from  the  vile 
reous  chamber,  or  to  evacuate  aub-retinal  fluid.   Where  there  is  a  choice 
of  situation,  it  is  best,  so  that  the  edges  of  the  wound  may  lie  iD  clos- 
apposition,  to  make  the  incision  in  the  direction  of  one  of  the  nntero* 
posterior  meridiaus  of  the  eye,  at  the  outer  ami  lower  part  of  the  ball, 
hetvceii  the  external  and  the  inferior  straight  muscles.    In  caaes  where 
it  is  desin>d  to  extract  a  parajiile  or  foreign  body,  it  is  well  to  diss  nee  ^ 
away  the  conjunctiva  and  pull  ajiart  the  opening  hv  small  sharp  W»rtlrttl«»irt'i'^ 
so  that   the  foreign  body  may  not  be  scraped  off  during  extraclons. 
Where  there  is  a  piece  of  iron  or  steel  in  the  eye,  the  forceps  or  Miijin#u**»<>'^« 
should,  as  a  rule,  be  introdpiced  through   the  wound  of  entnincc.      If         ' 
necesBary.  the  wuund  sliould  be  ■ilighlly  enlarged.     In  cases  of  retinal 
detaclinient,  attemiiiM  were  fannerly  mudc  to  allow  the  Huid  to  gain  access 
into  the  vitreou.i  by  sclernnyxis  with  one  or  two  needles.     Now,  when 
an  operation  for  this  purpose  is  undertaken,  it  is  generally  performed 
hy  either  drawing  ofl*  the  lluld  with  an  aspirating  syringe,  or  allowing 
it  to  escape  through  a  scleral  incision. 

In  performing  enurlealiim,  the  patient  having  been  ethcrixcd.  and  a 
spring  fipcculum  in^tcricd  between  the  eyelids,  the  conjunctiva  is  seized 
at  the  outer  side  uf  the  cornea  with  toullie^l  fnrcepa,  and  nn  incision  is 
made  into  the  fold  thus  raised  with  tlie  scissors.  Picking  up  the  cut 
edgeii  of  the  membrane,  and  .<^lipping  one  blade  of  the  sciasors  beneath 
it  for  some  distance,  the  conjunctiva  is  completely  detached  from  the 
cornea  ns  close  as  possible  to  its  border  hv  repeated  cuts.  The  straight 
muscles  are  then  taken  up  in  succession  un  a  hook  and  divided  at  their 
insertions  into  the  sclerotic.  The  external  rectus  muscle  is  severed  so 
as  to  leave  a  little  slump.  This  stump  \n  seized  with  the  forceps,  and 
the  eyel>all  is  rotated  toward  the  nose.  A  strong  pair  of  scissors  curved 
on  the  flat  is  now  Intrnducefl  along  t)ie  sclerntic  hack  to  the  optic  nerve, 
which,  thus  placed  within  easy  reach,  is  snipped  off  with  a  single  cut 
mode  some  two  or  throe  millimorera  behind  the  globe.  If  dcslre^l,  the 
assistant  may  at  the  time  of  the  cutting  of  the  nerve,  press  the  spring 
speculum  backward,  so  as  to  make  the  eye  come  forwurd  in  the  socket. 
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Thie  manujavre  often  facilitates  tbis  p*rtof  tlie  procedure.  The  eyeball 
belns  then  luxated  onto  tbe  cheek,  the  teudotiR  uf  tbe  obliiiue  muscles 
are  divided  at  their  insertions  into  the  sclerotic.  Arlt  advisca  thai  the 
operatiou  be  commenced  by  scixlng  the  conjunctiva  at  the  outer  aide, 
and  cutting  thi»  portion  of  the  membrane  awaj  from  tbe  cornea  as  fat 
above  und  below  it^  the  insertions  of  the  superior  and  inferior  nctoa 
uiuseU-K.  The  external  rectim  muscle  ik  next  divided,  so  r«  to  leave  a 
Btwmp.  This  is  seized  by  the  forceps.  Thp  scisaorfl  are  mnde  to  glide 
ItloDg  tbe  sclerotic  with  one  blade  under  tbe  inferior  rectus  muscle.  This 
muscle  is  then  separated  from  its  insertion.  A  similar  procedure  in 
followed  for  the  superior  rectus  muscle.  The  eye  is  next  rolled  inward 
toward  the  nose,  and  the  scisaors,  with  cloaeti  points,  are  carried  back 
to  the  optic  nerve.  This  in  now  divided.  The  ball  being  pulled  forward 
out  of  the  orbit,  is  seized  by  ttie  fingers  of  the  operator,  and  the  oblique 
mudcles  cut  away  from  their  insertion.  Laatfy,  the  internal  rocuu 
muscle  and  tbe  overlying  conjuuctiva  are  dividea. 

In  all  cases,  the  cavity  should  be  well  washed  with  o  solution  of 
bichloride  of  mercury  and  dusted  with  iodoform  or  aristol.  A  firm 
pressure  banduge  t!i  applied  over  the  eye.  In  a  few  hours,  when  all 
danger  <if  further  infiltration  of  the  orbital  tisauctt  or  of  the  eyelids  has 
paawd  off  with  the  cessation  of  hemorrhage,  this  dre<L4ing  should  be  re- 
moved and  replaced  by  a  looser  one.  It  is  important  to  save  as  much 
conjunctiva  as  poasible,  so  as  to  insure  a  good  socket  for  the  application 
of  an  artificial  eye. 

Krentcralio  livlfny  or  remavat  of  the  contents  of  the  eyeball,  is  besi 
performed  a»  recommended  bv  Alfred  Gmefe.  -After  the  most  thorough 
antisepsis  of  the  conjunctival  sac,  tbe  eyeball  io  seized  at  the  timbns  by 
a  pair  of  powerful  toothed  forceps.  An  assistant  grnRps  the  conjunc- 
tiva and  episcleral  titisac  at  a  point  five  millimeters  distant  and  further 
back  on  the  eyeball  with  a  similar  pair.  The  sclerotic  is  now  carefully 
divided  by  repeated  cuts  between  these  two  points  with  a  sharp  knife, 
and  thus  the  anterior  portion  tif  the  ciliary  muscio  is  laid  bare.  Oae 
branch  of  the  forceps  is  gently  introduced  into  the  supra-cborioidaJ  space 
and  the  cornea  is  cut  off  by  successive  clips  of  the  scissors.  This  hav- 
ing been  accomplislieii,  tbe  sclerotic  is  again  seized  by  the  two  pairs  of 
forceps,  separated  this  time  about  ten  millimeters  apart.  The  glol>e  is 
thus  held  firmly.  A  sharp  curette,  curved  so  as  to  adapt  itself  to  the 
inner  surface  of  the  sclerotic,  is  employed  to  cut  the  attachments  of  thie 
inembrane  to  th'S  cborioid ;  the  vorticose  veins,  the  posterior  cborioid 
arteriea,  and  ths  neck  of  the  optic  papilla,  constituting  the  main  points 
of  attachment,  and  offering  the  firmest  re-sistance.  The  inner  surfiMJC 
of  the  sclerotic  have  been  thus  carefully  freed,  as  far  as  possible,  from 
nil  adhering  tissues,  the  cavity  of  the  globe  is  most  thornnghly  washed 
with  a  strong  solution  of  bichloride  of  mercury.  The  cut  edges  of  the 
sclerotic  are  unitetl  by  from  three  to  five  catgut  sutures.  These  sutures 
are  intended  to  keep  any  oozing  blood  within  the  eyeball.  An  aseptic 
but  organizing  ball  is  thus  formed  on  tbe  inside  of  the  globe,  thua 
obtaining  a  Inrge  and  prominent  stump.  Mules,  and  Mime  Rnglt^h 
surgeous,  have  advocated  the  placing  of  a  glass  ball  wijthin  the  scleral 
cavity  before  the  wound  ia  sutured. 
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Erenteratiu  orhitWy  or  removal  of  (he  orbital  contents.  Is  geiienilty 
neceAJtitated  by  large  orbital  growths  that  involve  the  eyeball.  The 
operation  is  commenced  by  slitting  tlie  outer  canthuB  and  dissecting  the 
liils  Lack  from  the  growth,  so  as  to  save  them  Bbould  they  not  be  invudcd 
by  the  neoplasm.  Witli  »  pair  of  blunt  scissors  and  a  bouc  elevator,  the 
growth  is  gradually  vrorked  frei>  on  all  sides,  and  is  detached  n»  far  back 
S8  poeaible.  Finally,  the  mosH  ifl  pulled  forward  by  a  tenaculum,  and 
th*  optic  nerve  and  the  origins  of  the  Btraigtit  muoclea  at  the  optic  fora- 
men, are  divided  by  the  pcissors.  When  it  beMUits  necesBBir  to  remove 
the  periosteum,  this  niembmne  should  be  divided  with  h  stiarp  scalpel 
at  the  edge  of  the  orbit.  It  rany  then  ho  readily  worked  loose  and 
separated  from  the  bone  ty  a  hone  elevator  and  scissora.  When  the 
growthy  lire  Etmull  and  lie  outside  of  the  straight  muscles,  tliey  may 
•wnetimes  be  dissected  out.  This  ig  done  by  working  carefully  inward 
from  the  conjunctival  cul-de-s«c,  cutting  the  conjunctiva  at  the  retro- 
tarsal  fold,  thruHting  this  membrane  a^ide,  and  gradually  enucleating  the 
tamor.  without  disturbing  the  eyeball.  If  after  removal  of  all  of  the  orbi- 
tal coateutd  uud  ibo  periosteum,  the  growth  appeurs  to  have  inBUrutcd 
the  bony  valU,  it  is  best  to  singe  the  parlj)  so  aflccted  with  a  hot  iron  or  a 
galvano-cautery,  remembering,  however,  that  severe  cauterization,  either 
in  thiB  way  or  by  the  employment  of  zinc  ptiste.  may  cause  exfoliation 
of  Ijone.  or  poBaibly  bring  on  meningitis.  In  complete  exenteration,  the 
orbit  should  be  thoroughly  washed  with  a  solution  of  bichloride  of  mer- 
cury, and  the  wound  should  be  packed  with  small  pellets  of  antiseptic 
gauze  that  have  been  well  greased  with  vaseline  and  infiltrated  with  iodo- 
lorm.  If  the  1id!4  have  been  preserved,  they  Hhonld  be  cloHed  and  Htitched 
together  nt  the  divided  external  canthus.  They  should  be  covered  by 
gauze  that  has  been  freshly  wrung  out  in  a  solution  of  bichloride  of 
mercur\-,  and  a  roller  bandage  should  be  applied.  The  packing  is  to  be 
removed  on  the  second  day,  and  the  orbit  again  washed  and  dusted  with 
iodoform.  This  should  be  repeated  ut  ieast  once  doily  till  tho  cavity 
heal-t. 

Wien  the  growth  has  perforated  the  roof  of  tbe  orbit,  the  operation 
is  apt  to  be  folluwed  in  a  »\\oti  time  by  death.  If  the  growth  has 
invaded  the  lids,  and  it  is  necessary  to  partly  or  wholly  sacrifice  them, 
it  becomes  desirable  to  perform  some  form  of  plastic  operation  to  supply 
their  place. 

Operations  on  iht  laerumal  avpar'tttu  are  both  important  and  fre- 
quent. Most  carets  of  obstruction  of  the  lacrymal  passages  are  best 
treated  by  the  introduction  of  pmbe.i  combined  with  the  injection  of 
weak  astringents  so  as  to  wash  the  lining  mucous  membranes  free  from 
any  mucoid  or  purulent  secretion,  and  thus  bring  about  altered  action. 
The  probe  may  be  introduced  either  from  the  lower  or  from  the  upper 
canaliculus.  This  is  easily  effected  in  the  lower  canal,  as  explained  OD 
page  572.  If  necessary,  the  punctum  can  be  dilated  by  a  small  conical 
probe  and  the  pro  he- point  of  a  Webei's  knife  introduced  into  it.  The 
handle  of  the  knife  is  lowered  till  it  ii^  made  parallel  with  the  margin  of 
the  Bd,  and  then  it  is  slowly  thrust  forward  in  the  canaliculus  in  a 
direction  toward  the  median  line,  and  slightly  upward,  till  its  point 
enters  and  crosses  the  lacrymal  sac  and  is  felt  to  touch  the  ungual  bone. 
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Whiln  the  lid  is  siaW  be1it  sti-ctclied,  the  bisdo  is  roado  to  cat  oat  by 
raisiog  the  handle,  the  ctittiug  e<lge  of  the  koife  being  turned  slijthtlT 
inward  toward  the  conjuoctiviil  gac,  mu\  the  incision  being  carried  to 
the  edge  of  tlie  caruncle.  A  No.  2  or  No.  8  »ound  of  Bowman's  »en« 
is  introduced  alon^  the  slit  cannliculiis  till  Ies  inner  end  tAuchen  the 
inner  wall  of  the  sac.  It  is  then  raiactl  ncurly  to  the  vertical  position 
and  cottxed  down  in  the  direction  of  a  point  iu  the  inferior  nientus  <if 
the  nose  that  lies  nhottt  nn  inch  deeper  than  the  jnnction  of  tlie  aURnil 
tlie  cheek  ;  this  being  done  so  that  the  final  direction  of  the  probe  cor- 
ros[K>Dds  with  a  line  drawn  from  this  point  to  the  middle  of  tJie  tendon 
of  the  orbicularis  miLsdc.  When  the  probe  is  in  the  canalicalas,  and 
it  is  denired  tr>  raihfe  it  to  bring  it  in  tlie  direction  of  the-  lacrvmnl  duel, 
the  patient  should  be  directed  to  look  up,  08  the  relaxation  of  the 
orbicularis  muscle  thus  induced,  ttivors  its  introduction.  Tbe  probing 
should  be  frequently  repeated.  If  there  is  much  mucus  in  the  sac, 
the  duct  should  be  cleansed  with  an  astringent  solution,  which  can  he 
introduced  through  one  of  the  hollow  probeti  that  is  attached  to  an 
Anel's  syringe.  An  ordinary  glass  hypodermic  syringe  mokes  a  good 
sub!>titute.  The  probes  with  bulbous  ends,  us  spoken  of  by  Travers 
and  II.  W.  Wllliums,  are  often  serviceable.  Altliough  many  surgeooa 
prefer  the  larger  probes  of  Weber  or  Theobald,  the  author,  believing 
that  a  small  opening  in  u  duct  clothed  with  heolthy  mncous  membrane 
is  sufficient  to  carry  off  the  tears,  prefers  frequent  probing  ond  syringing 
with  »uiull  hollow  [iruU's.  ait  much  more  likely  means  to  bring  aboat  • 
normal  stuu>  of  affair!^,  than  forced  dilatation  with  large  onen.  Many 
surgeons  advocate  cutting  strictures  of  the  lacrymal  sac.  This  is  be«t 
effected  by  introducing  a  Weber  knife  through  the  entire  length  of  the 
(»n»l  un<l  cutting  through  the  obstniction  hy  pressing  the  edge  of  the 
knife  against  tlie  bony  wtil!  ns  the  instrument  is  withdrawn. 

Aiaeeta  of  the  lacnpnal  sac  should  always  he  pn)mptlj  opened.  In 
its  early  stages,  this  is  bt^st  done  by  incising  it  from  the  inside  by  carr^*- 
ing  a  Weber's  ktiife  through  the  cannliculns.  In  the  later  stages, 
however,  it  is  better  to  open  the  sac  with  a  scalpel  or  bistoury  that  bas 
been  introduced  from  the  outside.  In  the  latter  operation,  the  point  of 
the  instrument  is  placed  at  right  angles  to  the  convex  surface  of  the 
sac  and  about  its  middle,  just  below  the  tendon  of  the  orbicularis  mus- 
cle. The  knife  is  then  carried  inward  into  the  sac,  when  hy  raising  its 
handle,  the  point  drops  readily  into  the  dact.  If  the  inflammation  has 
subsided  under  the  use  of  hot-water  compresses  and  frequent  evacuation 
of  the  contents  of  the  sac  by  pressure  with  the  finger  or  by  gentle 
syringing  from  the  outside,  it  is  time  to  commence  syringing  hy  the 
canaliculus.  This  is  to  be  followed  by  treatment  wiih  probes  and 
astringents,  us  previously  described. 

OhlUrrati'in  of  the  tac  m^y  be  |>erformed  either  by  laying  the  sac 
open  from  the  cheek  or  hy  freely  slitting  the  conjunctival  surface  from 
the  upper  and  tlie  lower  canaliculus.  Tlxe  walls  of  the  sac  are  then 
to  be  seised  with  force|is  »nd  dissected  ont  as  far  nn  they  cun  be 
readied.  The  remHiniiig  portions  should  he  cauterized  by  such  an 
amount  of  nitric  acid  as  will  adhere  to  a  piceo  uf  sotY  woo«l  that  has 
been  dipped  into  it. 
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Prothent  oculi,  or  the  application  of  an  artificial  eye,  should  never  be 
done  till  the  wound  that  has  been  caused  by  enucleation  or  evisceration 
is  well  cicatrized  and  the  stump  has  lost  all  tenderness  to  the  touch. 
The  eye  is  inserted  by  gently  raising  the  upper  lid  with  one  hand,  while 
with  the  other,  the  thick  end  of  the  shell  which  has  been  moistened 
with  water  or  vaseline,  is  slipped  under  the  lid  and  rotated  so  as  to  cause 
it  to  slide  into  the  outer  corner.  The  edge  of  the  lower  lid  is  then 
pulled  outward  and  downward,  and  the  lower  edge  of  the  shell  slid  into 
the  lower  conjunctival  cul-de-sac,  where  it  is  firmly  held,  when  the 
lower  lid  is  allowed  to  come  back  into  place.  To  remove  the  eye,  the 
lower  lid  is  slightly  pulled  downward  and  the  bead  of  a  pin  is  inserted 
under  its  lower  edge.  The  shell  is  then  slightly  pulled  forward  so  as 
to  readily  slip  out.  Artificial  eyes  should  be  carefiilly  washed  with 
water  and  wiped  dry  each  time  that  they  are  removed  from  the  socket. 
Even  the  best  soon  become  rough  and  must  be  laid  aside.  Celluloid 
eyes,  though  cheap  and  not  easily  broken,  corrode  readily  and  become 
very  offensive.  A  well-made  glass  eye  should,  with  proper  care,  last 
about  two  years. 
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ABDUCTION,  553 
Abrosio  cornea,  595 
Absorption  of  light,  105 
Accommodation,  142, 153,  368 

determination  of,  by  Scheiner's  ex 
periment,  168 
by  the  fundua-refiex  let<t,  168 
power  of,  166 
hypothesis  of  Helmholtz,  153 
insufficiency  of,  235 
in  enimetropia,  369 
in  hypemieiropia,  369 
in  myopia,  369 
mechanism  of,  90,  91 
negBtive,  159 
power  of,  154 
range  of,  155 

in  a  hypermetropic  eye,  157 
in  a  myopic  eye,  156 
region  of,  154 
Accommodative  power,  fall  of,  with  age, 

369 
Acini,  42 
Actual  cautery,  application  of,  601 

size  of  an  object,  87 
Acute  glaucoma,  517 
Acutencss  of  vision,  164 
Adduction,  553 

Advancement,  operation  for,  599 
Prince's  operation  for,  599 
pulley  method  of  operation  for,  599 
After-images,  88 
Albinism,  363 

ophthalmoscopic  appearance  in,  444 
Alcohol  us  a  cause  of  optic-nerve  degen- 
eration, 487 
Amaurosis,  ura?mic,  491 
Amblyopia,  crossed,  494 

without  ophthalmoscopic  cbangeB,491 
Ametrometer,  2^)2 
Ametropia,  action  of  i rides  in,  239 

apparent  length  of  antero-posterior 

portion  of  globe  in,  238 
benavior  of,  during  mydriasis,  262 
chromatic  aberration,  test  for,  253 
determination  of,  by  lest  lenses,  262 
estimation  of,  by  ophthalmometer,  257 
facial  asymmetry  in,  238 
formula  for  lenses  in,  268 
funduR-image  test  in,  249 
optometric  methods  for  determining, 

250 
presbyopia  in,  238 


Ametropia,  range  nod  power  of  accom- 
modation in,  237 
Scheiner's  experiment  in,  251 
size  of  pupil  la,  239 
strength  of  lens  to  employ  in  correc- 
tion of,  266 
theory  of  opbtbalmoecope  in  estima- 
tion of,  241 
value  of  ophthalmoscope  in  detection 

of,  240 
visual  acuity  in,  237 
Antemia  of  disk  from  action  of  oold,  483 
AnKsthesia  of  cornea  in  glaucoma,  519 
Anatomy,  macroscopic  and  microacopic,  27 
Angioma,  579 
Angle  alpha,  148 
gamma,  149 
Aniridia,  363 

Behr's  experiment  in,  206 
Anisometropia,  271 
Ankyloblepharon,  565 
operation  for,  592 
Annul  us  fibrosus,  38 
Anterior  chamber,  61 

encapsulation  of  foreign  bodies 

m,  296 
hemorrhages  into,  286 
nodal  point,  132, 145,  147 
principal  focns,  145 
point,  145 
Antimetropia,  271 
Apex  of  prism,  122 
Aphakia,  3S7 

amount  of  lens-strength  to  be  worn  in, 
271 
Apparent  size  of  objects,  86 
Aqueous  humor,  34 
Aquo-capsulitis,  356 
Arcus  senilis,  347 

Argyll -Robertson  symptom,  484,  544 
Argyrosis,  323 
Arteria  dorsalis  nasi,  31 
Arterial  pulse  in  retina,  443 
Artery,  persistent  hyaloid,  513 
Astigmatism,  411 

appearance  of  optic  disk  in,  240, 241 
compound  hypermetropic,  412 

mvopic,  412 
corneal  reflexes  in,  '238 
correction  of,  416 
irrejTular,  272 
detection  of,  by  funduo-reflex  test,  228 
determination  of,  414 
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Ae-tigmati!!™,  dctenaintLLion    of,  hj   oph- 
LlialmiimeWr,  414 

improper  sjieflacle-fraJiies  in,  239 

irregular,  111 

mermlional,  correction  of,  272 

miawl,  413 

principn.!  tucrldinofi  id,  287 

rcgulftr.  4 1 1 

simple  hypecBoetrripic,  412 
myopic,  41'2 

ayiupioTna  of,  23'ti,  413 

testa  fur,  537 

use  of  PlacidQ'y  disk  in,  414 
Aati^momi^tcr,  2-52 

Atn>phy  <jf  Pplic  norvc,  from  action  of 
wild,  -0^2 
ffoni  hemorrhage,  482 
Atropia,  aciioQ  ofj  375,  377 
Axial  ruv,  131 
Axis  iff  L^luidei-,  126, 128 


BABBAGE'S  compound   reflei^ling  and 
rafnictiiig  in8truq](>Di,  ^(> 
Bacillari'  layer  of  retina,  70 
Base  of  prtstn,  122 
Basedow  a  cIiHeam',  5^1 
BeUanniDAH'^  experiment,  222 
Bl-concave  cjlindrical  lena,  1^5 

Ions,  12-5 

spherical  l«n'^  foFtimtiAti  of,  124 
Bi-cyinves  evlindriciil  lens,  1'2^,  i'lS 

Um,  124 

sphmcid  leiifi,  fonnaiinn  of,  1:^4 
Bi-focal  lenses,  271 
Blennorrhiva,  chronic,  310 

Ibur^miilis,  SIJS 
Blepharitis,  ooP 

ecxemittoiis,  f»GO 

twuLmunt  of.  5.59,  560 

ulcerous,  5130 
Blephnrophimosig,  5  lift 
Blepliartipl ;i»ty,  Ai'll's  method  of,  690 

DieUeiibocb's  metliod  of,  5M 

FrtcW«  method  of,  589 

Enapp'e  mothod  of,  591 

Birerdin's  method  of,  Wl 

Wnlfe'smel.hodof.Sgi 
Blepha.ro'^puHm,  o4l3,  Hfiti 
Bone,  foritiHlion  of,  507 
Bonnet's  ciip:«ii)e,  39 
BowEDUi,  nmsc]!-'  of,  62 
Envrman's  lucnibrane,  -57 

probti,  method  if  inserlin)^,  57S 
Brucn,  membrnqe  of,  63 
BfiJckfl,  miisdc  of,  62 
Bttlbar  (xnijunctiTa,  44 
Burns  of  cydids  »nd  cyelmlte,  2SS 
trea(nient  of,  2S0 


CALABAR  eitrMt,  action  of,  37S 
CiiniLlLculi  lucrymalL^  44,  4!t 
Oanallciilus,  eetlin^  of,  020 
CanlhopLoslr,  O|>eral!0]l  for,  592 


CanthiiH,    Arlt'9     method    of    removlag 
growths  from,  51*0 
e^t^rnal,  40 
inlemaj,  40 
Capsule  of  crj-alaUine  lens  (lUiteriorv,  6S 

l^ipt^riorj,  tj& 
Cardiac  ex'^ptiihaimua,  '3^1 
Oirdinat  point,  132,  145 
Citranc-iila  lacrytna1iB<,  43 
Cuturacl,  417 

abeorpiion  of,  425 

aibiiniinurie,  421 

SDterior  central  cnpsular,  339 

c!i|Kular,  i'23 

ca<it>^  eiHininHtion  of,  432 

central  iinterinr  cupsulur,  4211 

congenital,  422 

cwuching  of,  427 

depretfflion  of,  427 

dini>elic,  4211 

etiology  of,  417 

extraciiim  of,  428 

acddenta  in  opemtions  fof,  437 
a«'idflnt5  ooounring  during.  '>!•> 
after-trefltmenl  of,  4S-5 
detnil:^  of  method  for,  433 
flap  operation  with   iridwiviu' 
for,  fiiO 
without  uidectomTr^lIT 
linear,  GU 
periphcrul  linear  op<]^nutiof>  fnr. 

Oil 
removal  of  entire  cap@iil«  in,  itl 
statistics  of  tfsulta  of,  437 
glaucomuioDs,  518 
histoiyof  e.Klraction  of.  42S 
lineiir  incinion  in  estractiou  af,  4SS 
luodilifid  line-iir  eitractlun  of^  429 
Morgiignian,  418 
nephritic,  421 
of  itifantij,  42:i 
openilion  for  couchinp  of,  t>07 
for  discission  of,  tWfi,  612 
for  Gjc traction  of,  Ii06 
for  reclLnation  of,  i>07,  613 
for  simple  extrnciion  of,  fiO" 
Operations  for,  425 

preparation  of  patient  f<ir.433 
patholugiail  changes  in,  4I& 
ptiriplboric  lineur  Hoution  in  extrwti<r'a 
of,  429 


posterior  nolBr,  422 
primarr,  418 


r  p. 

■'« 

recliuntion  of,  427 

secondary,  41S  430 

Bymptorua  of,  424 

trauinatie,  2113 

with  heredilnn'ekin  disease,  422 

zonular,  4iiS 
Cataractu  nigra,  425 
Catarrh,  con^cuiive,  SOS 

foUiciiJar,  SOS 

puituJar,  308 
Catoptric  iniagoni,  91 

test,  method  of  tnakiug,  184 
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Catoptrics,  105 

Ceotrad,  136 

Centrsda,  v&lues  and  relationB  o^  138 

CeDtni  artery  of  retina,  33 

retinal  vein,  33 
Centre  of  motion,  149 

of  rotatiMJ,  149 
Chalazia,  remoTal  of^  584 
Chalazion,  561 

operation  for,  562 
Chiasm,  anaWmr  of  optica  76 
Choked  disk,  474 

in  intra-cranial  disease,  476 
Chorio-capillaris,  64 
Chorioid,  analomv  of^  62 
ooloboma  of^  508 
detachment  of^  503 
diseases  of,  496 
disseminate  tnberde  o(^  503 
fisBore,  23 
hjperwmia  of^  496 
metastatic  neoplasms  in,  507 
miliarr  tobertJe  of,  503 
rapture  of,  291,  503 
sanoma  o^  5(M 
solitarr  tubercle  o^  504 
tubenJes  oC  oOl 
Chorioidal  rii^  439 
Chorioiditis,  496 
areolata,  499 
centralis,  500 
circnmscripta,  500 
disseminata,  497 
metastatic  supporatiTe,  501 
■oppoiatiTa,  oOl 
sfptiilitica,  500 
Chorion,  23 

Cborio-retinitifl,  earlr  stage  of,  497 
late  BU^  ot  498 
syphilitica,  500 
Chromatic  aberratioD,  151 
Chromic  mTf>pia,  194 
Cilia,  43 

(Sliaiy  arteries,  ani^ior,  33 
long,  33 
short,  33 
bodT,  anaUKnj  o^  81 
diseaKSfrf  the,  364 
gamma  of^  346 

retention  ^fofeicn  bodies  in,  295 
staph  rloma  o(,  3o2 
border  of  lid,  43 
gan^on,37 
muscle,  61 

derelopment  ci,  24 
nerres,  lon^  37 

short,  37 
paraljsia,  determinalion  of  artificial, 

262 
processes,  61 

paivnoo  plicati,  61 
plicati,$l 
taodenMiiVlS6 

r,33 


Qlio-retinal  vessel,  441 
Circles  of  diffiidon,  251 
CircaloB  iridic  minor,  61 
Cleft,  ocular,  23 
Cloqpet,  canal  o^  67 
Colloid  growths,  hvalioe,  o07 
Ooloboma  of  chorioid,  50iB 

of  lids,  558 
Color- blindJaev-    (See  Sab-oormal  oolor- 
peroeption.) 

^rcepdcm,  81 

-sense  nieasare,I93 
Commissure,  ext^nal,  40 

internal,  40 
CommmiiaUiog  v^n,  33 
Complete  posterior  ^necfaig,  355 
Compoond  focos,  formation  oi,  123 
Concave  mirror,  106,  111 
Concavo-convex  lena,  125 
Congenital   atrophy  of  rcdna   and  optic 
nerve,  464 

"color-hlindnen,"  492 
ONiical  oomea,  348 

correcdoD  of,  bv  lenses,  372 
Coiuagate  foci,  130 

focos,  113 
Coojnnctira,  43,  44 

catarrh  0^307 

diseases  of,  307 

fibroid  papillomata  ot,  332 

foreign  body  in,  285 

hyperemia  of,  3ffi 

lopos  of^  331 

perophipM  of,  332 

removal  of  foreign  bodies  from,  594 

saroomaof^  332 

X'  illitic  affections  o^  331 
rcalijw  of;  331 
Conjunctival  tbemometry,  186 
Conjmicti villa,  croapons,  310 
diphtheritic  315 

prognosis  of^  316 
treatment  o(,  316 
granular,  316 

o-Atagioomeas  oC  320,  321 
devclopmeni  of,  316 
distribmion  o^  321 
gooococci  in,  322 
treatment  ot,  323 
phlyctenular,  324 

^mpuHns  ot,  327 
Deatment  of,  328 
porokni,  310 

prognoas  of,  313 
treaOnent  of,  312 
scrnfaloos,  326 
CocnectiTe-tisene  rin^  439 
Oynlact-leiMes,  272 
fjontiasts,  simulianeoas,  88 

Buoxaeivc,  V^i 
Cooveigence,  160 
an^  'A,  160 
detennination  fff  maximum,  167 

of  minimum,  167 
lar-p'fintf  of,  160 
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ConTorgcncr,  inmiificieniy  cf,  235 

utftur  angle  nf,  UIO 

Iioffcr  i(f,  1130 

region  nf,  l&l 
CoDvep)finf{  mpnlsi-UB  lens,  IK 
Convex  tninvir,  1CH>.  Ul 
ConvBxo-cfinoare  lens,  1^5 
Co-ordination  nf  extrn-octilar  miLsd^  95 
CorecUipia,  363 
ComOB,  Hlinifliand  tif,  28fi 

abscess  of,  342 

diii-iog  and  after  fevers,  343 
Irt^tQit'iii  nf,  343 

bjiiu1-like  i;i)iifilie8  of,  34fl 

congcnitiU  ii|)adue»  of,  347 
ti«utmijui  of,  347 

t]i»eABii?4  nf,  33it 

f'ln-igti  liiidies  5n,  285 

ii{iit<'iii^  lit,  34i) 

pcUtJcidiL,  luiutoiuy  of»  57 

jietforudcn  Jif,  3R8 

r^iimvitl  <•(  fiireign  Iwdies  fn 

HLTtLiting  of,  505 

gta|i}ivl(>aiii  of,  parliul,  339 

treutiiient  of,  340 

(■tliHting,  M8,  695 

latiinn  'if,  34i) 

irenliiient  of,  3&0 
Comeitl  poiyuncliva,  46 

ibiBiie,  gnifttnia;  af,  5th5 

Tili-er.  337 

iiWrnticH,  insBtiiietil  of,  33a 
CurrclaLioti  of  uculiir  iiiuTemeDls,  D6 
CorKsponiJ  irifl  poiDte,  84 
Cortpx,  visual,  79 
Couching  of  cataracr,  427 
Critical  angle  of  refrai'tion,  135 
CryslftUiiie  liens.  dWlm'atino  of,  288 

mibconJimc^iiTal    diylncatioa    of, 
■2'n 
Cunimuig^  hyppthesis,  200 
Cap,  formamn  of  opiic,  '22 

(he  <.H'iiliir,  'JO 
CurfRtutv,  wnire«  of,  129 

radium  tif.  111 
Cj-dilis.  3ti4 

piirencliTmatciuis,  368 

plasiio,  3(>o 

serous,  3(m 

tmnpsUiecic,  301 
QrlinoriciJ  surfiice,  eToMtioo  of,  114 


rvACRYOCVeiTITIS,  .570 

1.'     EHituria,  nclion  nf,  375,  377 

L>ay-visinn,  491 

E>eea:9(atitkn  of  opiir-  nerre  libre^  80 

Ll*moniV  laror  of  ci>ruen.  S^ 

Denial  t^uuil,  onierLor.  30 

Depressii.'ii  nf  Lsitanu.'t,  41*7 

rkermoid  ttunor^  of  lie  com^^  nrngval 

Descemttilis,  3.36 
Is^aoeinet's  ineti)l>rBii«,  &7 


Ifesrendiiig  nciiritiii,  477 

i[>tiUu.'bDieo.c  f>r  ri^tiuu,  4tl-'i 

JjeviBtion,  wigle  of,  122 

I>iiiLe£c-s,  eleven cnLCiijCL  O'f  rjj^iiic  ncrTt  in, 

4*iEi 
DiaplianouB,  10-5 
DLfluHioiL  iireft,  251 
j         circJes,ir'2 
DilnlHtlon  of  pupil,  5M 
Dioptrics,  IftS,  115. 
Dirai  metliod,  HdvanUi,pts  of,  217 

L-nmpafed  Miith  indirect  mcthol 

2iy 
ditf^ifying  power  in,  22« 

delerrainiitton  of,  221 
I^Wisaion,  426 
.  THakt  optic,  74 
J  I"— EDaiilHled  rhnrirtidilidi,  498 

k-hiiL&ia,  564 
oj>eiTili<itl  for.  584 
I  SHoUen's  o[niraiioii  for,  685 

Disuunion  of  olijet^Ls  in  chorio-rednid^ 
»Q 

^v^Dff  iueaiM.iu  lean,  lio 
tf     irticiila,  SO 
T)     fiion  of  the  eitemus,  OCIO 

nf  inferior  iiM;tu3  muscie,  600 
of  f^u|>erior  reniu)  niu^e,  600 
ble  coucare  lens,  125 
uoQvex  leiiB,  124 
lliird-puir  [rtimlvfaB,  fi39 
Lloi^,>nw[ird  mid  inward  aiolina  of  :glob«^  , 
9!i 
mid  oi]lTra.rd  motion  of  plolte,  100 
IhiboiiUA,  action  of,  376 
1>iiniJ  »h^tb  of  ilie  optic  nervi;  7S 


EtTBOPFT'M,  5til,  56^ 
Arlt's  operation  for,  588 
Kicliet'so[ieniltgn  for,  588 
I  Edge  of  prism,  ITl 

EliiBCic  litytir  of  comeft,  antrrior,  67 
I  p«iterior,  57 

ElectrolTOifl,  51^4 

Eiuboliatn  of  retinal  BrterieH,  451 
j  itiupttim?  of,  451 

I  artery,  ophLhainKEvx^c  xp- 

peamans  of,  451 
of  bnnch  of  c<«t)mU  i^rkI   kpstj, 

452 
of  central  arterr  of  reiima,  prccnosta 
of,  452 
treaiHKAt  of,  4SS 
Embrywlo^,  19 
,  Emmetropic,  'iS- 
i  ciliatf  tniL^le  in,  39t> 

'  defini'tion  of,  3K2 

(it.nndard  t^f.  3-S2 
Ejidothflial  Jxrei-  at  i-ontea,  posterior,  dft 
'  f!i)0|>bth^mii^  '2:^7,  oQ8 
Enti{>pi:ic  imag^  512 
{.ihenumcna.  87 
,  Eotropium.  320,  h^ 
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Entropium,  Green's  method  for  relief  of, 
586 

Hotz's  operation  for,  587 

Jaesche-Arlt  method  of  transplsuta- 
tion  for  relief  of,  58ft 

operations  for,  .'585 

Snellen's  operation  for,  687 

Streatfeild's  method  for  relief  of,  587  . 
Enucleation,  Arlt's  method  of,  618  j 

for  sympathetic  ophthalmia,  303         ' 

operation  of,  617 
Epicanthus,  558 
Episcleral  layer,  56 
Epificlerltis,  352 

Epithelial  layer  of  cornea,  anterior,  57 
Epithelioma  of  eyelids,  562 
Erectness  of  vision,  89 
Errant  vesael,  441 
Eserine,  action  of,  376 
Esophoria,  170,  549 
Ethmoidal  artery,  anterior,  31 
posterior,  31 

foramen,  anterior,  29 
posterior,  29 
Examination  of  eye,  163 
Exenleratio  bulbi,  304,  618 

orbitff,  619 
Exophoria,  168,  170 
Exophthalmic  goitre,  581 
Exophlhalmus,  287 
External  granular  layer  of  retina,  69 

limiting  membrane  of  retina,  69 

molecular  layer  of  retlim,  69 

nuclear  layer  of  retina,  69  i 

rectus  muscle,  action  of,  97 
anatomy  of,  52 
Extraction  of  cataract,  428 
Eye,  penetrating  wounds  of,  291,  292,  294 
Eyeball,  blows  and  contusions  of,  286 

dislocations  of,  287 

gunshot  wounds  of,  298 

rupture  of,  291 

tearing  out  of,  287 
Eyebrows,  44 

Ey^round,  method  of  describing  normal, 
186 

normal,  peculiarities  in,  210 
Eyelashes,  43 
Eyelids,  anatomy  of,  39 

development  of,  24 

diseases  of,  558 


FACIAL     expression,    in   extra-ocular 
muscle  disturbance,  108 
Fantoacopie  retinienne,  224 
Far-point,  155 

in  a  myopic  eye,  150 
•flightednees,  384 
Fibres,  Miiller's,  20 

Field  of  vision,  advantage  of  hemispheri- 
cal over  Hat  field,  192 
chart  for  registration  of,  190 
in  glaucoma,  520 
for  white,  average  size  of,  190 


Fields  of  vision,  187 

Bjemun's  method  of  obtaining, 

188 
determination  of  by  use  of  black- 
board, 188 
methods  of  determining,  187 
First  focal  plane,  132 
nodal  point,  132,  145 
principal  focus,  129, 145 
plane,  132 
point,  132 
Fixation,  field  of,  84 

determination  of,  176 
Fluorescein,  employment  of,  181 
Focal  illumination,  181 
length,  113 
line,  115,  126 

formation  of,  98, 115 
Focus,  108, 122 

evolution  of,  121 
Folds  of  transition,  45 
Fontana's  spaces  and  cavities,  59 
Foramen  opticum  chorioideK,  63 
Form,  perception  of,  86 
Fornix  conjunctivte,  43,  44 
Fossa  glanaulEB  lacrymalts,  48 

patellaris,  66 
Fourth  nerve,  paralysis  of,  545 
Fovea  centralis  retinie,  70 

ophthalmoscopic  appearance  of, 
444 
Franklin  glasses,  271 
Frontal  artery,  31 
Fuchain,  81 

Fundns-detiuls,  Tifiany's  plan  of  project- 
ing and  sketching,  215 
-image  test,  249 
oculi,  photographic  reproduction  of, 

215 
-reflex  test,  224 

advantages  of  plane  mirror 
in,  229 
of  concave  mirror  in, 
225 
method  of  employment  of 
concave     mirror 
in,  226 
of  plane  mirror  in, 
229 
plane  mirror  in,  22<'> 
principle  of,  225 
theory  of  concave  mirror  in, 
226,  227,  228 
of  plane  mirror  in,  229, 
230,231 
reversal  method  in,  234 
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ANGLION-CELL  layer  of  retina,  69 
T    Ganglionic  nerve,  37 
Geometrical  centre,  141 
Gerontoxon  comeie,  347 

lentis,  418 
Gland,  accessory  lacrymal,  48 
major  superior  lacrymal,  48 
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Olnnil,  minor  or  inferior  Incrymal,  48 
QXetB  Bhclls  of  KoUer,  2'22 

BCuUim,  517 

RpoplccUciun,  522 

at  dilTerent  liJe-periode,  alB 

fulmitmns,  oli 

lircmorrlm^icuni,  a2'2 

Diijligniinti  ftSy 

nervous  syBtum  In,  n'ifJ 

npLithaIino)^<n]tii^  ii.[>[)iHiraiii::ea  in,  521 

pathologj-  of,  622,  523,  621:!,  .ftK7 

BeconJurinm,  o22 

sIrqjiIl'X,  517 

eubaCTituni,  hll 

swellijig  and  cringtauon    of   dli&ry 
proot-sjica  in,  r>26 

evmpU-Tua  of,  31^ 

tlifiorivrt  of,  b'2i> 

tretitiQent  of,  >^30 

vitreous  liiimDr  in,  526 
QlMuciimatoiiHBiianwt,  TilS 
Glioma  fif  retina.,  1711 
Graduiiteil  Wnotoniy,  568 
Gracfe'D  eipi,  fiMl 

itst  for  hcle-rophDriu,  i)4S 
GnraulBr  layer  oC  rotinii,  G'J 
Granulatiftn,  section  of,  317 
Gratttilet,  iilircw  of,  70 
Graveti'a  diseciaB,  Ml 


HAAB'S{iiBle8,2l5 
Hetfiutitiifuo,  o77 
H&nnover,  cftnaJ  of,  ■66 
Head,  oplii?-ncrve,  74 

-rpst,  -lOS 
HcmL'i'ulu{>l(i,  4&1 
HemiuDOfin,  4tl2 

JielercjTjvmoii*  lateral,  4B2 
niuiil,  4112 

inl'criorj  403 

left  homonym ouH,  492 

right  homimyuinns,  4S>2 

Superior,  49.( 

l^mponJ,  4H 

tranaifnt,  4U3 
Hemiaoopji:'  pupillary  ina<^tioii  nign,  1H5 
method   tif    obtain Lng, 
Udi 
Hcminnopainr  -iH'I 
Hemiopio,  4^2 
HemchrrhiigicglniK-oniB,  522 
Heredllaj-y  fitrnpihy  of  optic  nerve^  499 
Heteranymous 'liplopin,  IQit 
HetbtaphoritL,  170,  .549 

ciperativu  Ireatnieiii  of,  550 
HomHtropin,  iiclion  of,  375,  377 
Hordeolum,  -jfil 
Homonlnl  axis,  96 

piine  of,  ye 

Horizontidly  inward  modon  of  globe,  102 
ouiwaixl  motion  of  globe,  101 

Homei-'a  miLscJt,  41 
Horoplor,  S'l 


HuttliiniMDn'h  teeth,  335 

Hyaliti?,  'vll 

HvQlftid  artery,  origin  nf,  M 

fossa  60 

membiiuie,  6E( 
Hydro-DieningilSB,  i^B 
J^TOBcyamiii,  action  of,  STo 
Hyperbolic  len^eti  of  Kaeblmsnti,  273 
HyperttOph'irin,  549 
Hrp*rm.gtropin  Jhfpero[iiii '.  384 

abaolute,  :^5 

ciliiiry  luUscle  in,  3St' 

alinioil  «yiiipci!*ms  of,  3So 

dclorniin^tiunofbTfniiclut-rcllexLesi, 
232 

faGuliativ«,  S8d 

latent,  384 

loss  rif  far-point  in  presbyopia  in.l&S 

inanif^t,  5^ 

relative,  3So 

treatment  of,  39S 
Hvpcrphoria,  119,  549 
HVpOpTon,  21*4,  325,  35« 

kerntitie,  342 


TDKSTICAL  p-unt?,  *4 
1     Imtijfe,  107 

In»5Lndc»ceEicc,  104 

Incidence,  angle  <^>f,  lOti 

Incident  ray.  10t> 

Indirect  metlind,  nnL^tfyin;;  pow«t  tn,3Sl 

Inferior  oblique  mustde,  action  of,  S8 
anatomy  of,  o3 
rectus  miiBcle,  action  of,  97 
anutoioy  of,  ri2 

Tnfra-orbitn.1  canal,  30 
-trochiear  nerve,  37 

I^juriea  of  orbits^  eyee,  a»d  eyelids,  3&3 

Iniertionof  extra-ocular  mustde,  poiattoC 
97 

Inenfficicney,  operationa  for,  .^96 
openilivc  Ireatmenl  of,  550 

Intcrtailary  etanhyionia.  340,  3'W 

Internal  gruiiiilar  Inyer  fif  relioa,  69 
niolooidiir  layer  of  retina,  69 
nnclear  layer  of  retina,  6'.' 
retit^ulur  layer  of  retina,  fi9 
rectus  miisclf,  action  itf,  97 
luialomy  of,  51 

Inlomi,  in.siiflii'Jenoy  of,  549 

Inlcret itinl  neuriiif:.  477 

IiiiraH>etilar  lension,  1S4 

Iride(?toiU3',  (i02 
cinatrix  in,  ^)'i1 

Irider-trci  ia,  303 

Iridee,  detemiiaation  of  movements  oC,  177, 
173 

Iridixyclilia,  sympathetic,  366 
Irealment  i.<f,  307 

Iridoilesis,  ROD 

IridwilialyBis,  288,  362 

IridodonefiiB,  Wi 

Iridotomy,  fi06 

Iris,  analoDiy  of,  60 
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Iris  and  ciliary  body,  diseases  of,  353 

RDtcrior  endottielifil  layer  of,  61 

coloboma  of,  3(i3 

coDgenilal  pigment-apots  of,  362 

cyste  of,  3til 

epidermoid  tumors  of,  362 

graniilnma  of,  362 

gumma  of,  358 

hypenemia  of,  353 

loc^meut  of  foreign  bodies  in,  295 

melanomata  of,  362 

melanotic  carcinomata  of,  362 

pearly  tumors  of,  362 

prolapse  of,  338,  339 

sarcomata  of,  362 

suspensory  ligament  of,  59 

tissue,  benignant  hyperplasia  of,  362 
Iritis,  353 

gonorrhoeic,  358 

parenchTmatouB,  353,  356 

plastic,  353,  356 

rheumatic,  357 

serous,  353,  356 

sympathetic,  301 

syphilitic,  357 

treatment  of,  359 

tuberculous,  358 
Irradiation,  89 

Ischiemia  of  disk  from  quinine  poisoning, 
483 


JACKSON'S  test  for  heterophoria,  172 
Jequirity  in  granular  conjunctivitis, 


KEEATITI8  bullosa,  336 
interstitial,  333 

symptoms  and  course  of,  334 
teeth  in,  335 
treatment  of,  335 
molacial,  341 
malarial  inlerstilial,  336 
neuro-paralytic,  341 
phlyctenular,  324 
sclerosing,  357 
suppurative,  337 
xerotic,  341 
Keratoconua,  348 

treatment  of,  349 
Keratometer,  255 
Kern  tony  X  is,  426 

operation  of,  612 
Keratoscnpe  of  Placido,  254 
Keratoscopy,  224 
Korelysis,  606 
Koroseopy,  224 

Erause,  acino-tubular  glands  of,  43,  46 
clavate  corpuscles  of,  47 
spheroidal  end-bulte  of,  47 


LACERATED  foramen  anterior,  30 
foramen  inferior,  30 
Lacrymal  apparatus,  anatomy  of,  48 


Lacrymal  apparatus,  diseases  of,  668 
operations  on,  619 
artery,  31 
canal,  30 

diseases,  treatment  of,  571 
gland,  anatomy  of,  48 

palpebrul  portion  of,  48 
glands,  origin  of,  24 
passages,  catarrh  of,  568 
sac,  49 

abscess  of,  570 
fistula  of,  570 
obliteration  of,  574 
operation  for  obliteration  of,  620 
slitting  of  abscess  of,  620 
vein  of,  33 
vein,  33 
Lacrymo-nasal  duct,  49 
Lacus  lacrymolis,  45 
LagophtbalmuB,  561,  565 
La  Hire's  experiments  with  n  cat's  eye- 
ground,  206 
Lamina  cribrosa,  56,  74 
fuses,  56,  64 
vitrea,  62 

chorioidete,  63 
Lateral  illumination,  181 
Leber,  sinus  of,  56 
Len«<,  anatomy  of  crystalline,  66 
invagination  of,  21 
isolation  of,  22 
measure,  description  of,  276 
powers,  scheme  for  the  determination 

of,  274 
strength     required    by    emmetropic 

presbyopcs,  381     - 
strengths,  estimation  of,  140 
suspensory  ligament  of,  66 
systems,  conversion  of,  140 
Lenses,  combinations  of  formulse  for,  273 

numeration  of,  138 
Lenticular  ganglion,  37 
Lepra  of  eyelids,  563 
Leptothrix,  568 
Leucomata  comete,  345 
Levator  palpebne  superioris,  anatomy  of, 

41,  53 
Lid,  abscess  of,  561 
Lids,  coloboma  of,  558 
epithelioma  of,  562 
lepra  of,  563 
lupus  of,  563 

method  of  eversion  of,  179, 180 
plastic  operations  on,  589 
spasmodic  closure  of,  546 
vaccinal  eruption  on,  562 
Ligamenlum  palpebrale  externum,  39 
internum^  39 
pectinatum  indis,  59 
Light  difference,  166 
minimum,  166 

-streak  on  retinal  vessels,  442 
Lightning,  injuries  of  eyes  by,  287 
Limbus  cornea',  46 
conjunctivae,  46 


1 

(  pccpiion. 

82 

S8 

-V   r- 

L..'  reErac^tion, 

13/V 

1  U<   &2 

149 

of 

of 

■u,  .-«! 

sling  T, 

1  iLxis,  06 

mgUud 

>■' 

jne  off  9tj 

1  of  eyolidB^  563 

ihjLtic  HVBtem,  aQterior,  3-> 

middle.  »6 

posterior,  30 


CVI.A-  lutM,  70 

methnd  of  ohserring:,  irith  opb- 
thalmoscope,  217 
-  corneae,  345 

rregioD,  Isemorrhai^  in,  44$ 
opfttlialniORcniiic  appeuraoce  of, 
444 
ix's  gliif^rod  teat,  170 
foramen,  29 
Jc'ft  bliad-*po(,  90 
^\mi,  urea  of,  <)? 
i-A's  gnDglion,  37 

.iiUury  Ahunths  of  tcIitiaI  fibres.  ri!l«n- 
—  of,  444 

union  glands,  42 

dt'velopmii^nt  of,  ^4 
anin,  SI 

ahmna  liDiltafis  tut^ran,  >t7 
niclitiuif!,  4o 

fii^'menti  iridic,  61 
.iivschiana,  (13 
Meridional  rcfruction,  fundiu-reflex  teftt 

in,  22li 
Mery,  erperimeni  of,  20a 
Meuunorphoiiniu.  449 
Meter  plane,  337 
MiiLiiLiam  ^in^le  of  'dnon,  150 
deviminn,  135 
of  tlitt'erentiation,  IGS 
Mirror,  evolatioci  of,  111 
Mirmra,  10i5 
Mixed  nsLigmntlsm,  deteroii nation  o-f,  Ibj 

fundiij-reliex  test,  2S3 
Moll,  filnniUof,  Hi 
Jlonotiilar  polyopia,  424 
Morpuinii,  liquor,  05 
Mnlion,  ceotre  of,  Uli 
Miiller,  wrcoliir  miLiirle  of,  42 ,62 
Miiller's  fibres,  21,  d" 
Musae  volitanEei!,  ^iI2 
Jlustairipe',  37  i) 
MoBcle,  pttnilysia  iif  ciliiiry,  543 

of  crltrnal  rectti%,  635,  .'i37 
of  ioTerior  oblique,  543 

rectUN,  542 
of  intL-rnal  rectus,  5S4,  538,  540 
of  levulor  [>a]ptbne,  -^43,  M" 
of  JirbiciilariH,  ■'5611 
of  spliioi;l<?r  impillffi,  o43 
of  aiiperior  oulique,  545 
reotiis,  •')41 


Muwle  plane,  ^S 

Muscles,  nifisctions  of  ere,  534 

deierrui nation  ofeitra-ocoliLr,  I'M 

diB^Oi^is  of  parsLlvsis  of  ere,  -"hlS 

tTMitJuent  of  [Mir&]ystg  of,  547 
Muscular  lut^ir,  inferior,  31 
superior,  31 

reins,  33 
MuBculuB  dlioTLAlUolHiii,  41 

lucrymali*  anterior,  41 
poBierior,  41 

polpebniJis  inferior,  42 
SO  peri  nr,  42 
Mydriatics,  nciion  &f,  374 

use  of,  in  QXRiulnud'OD  of  eje»  1B7 
Myodesopia,  512 
Mvopia,  SaS 

cilmrj-  nmscle  in,  390 

oonverRent  strp.l->i^Eoui  with,  567 

wrreclion  of,  40S 

dc'tenuinatioii  of,lij'  fimdus-refleX  UM, 
233 

increase  of,  401 

pntbolngicft]  chungee  in.  394 

st^nislics  of,  402 

Sj-mptoms  of,  236,  391 
simulated,  23S 

vii'ion  in.  3Plj 
Myotits,  tictioji  of,  374, 37C 


NASAL  arterj-,  31 
Nenrpoint,  154 

determination  of,  3fi8 
-sigliledne^  3^^ 
Segntive  sccommodatioD^  373 
&ag]e  alptm,  14'J 
focus,  130 
Kerve-libre  layer  of  retina,  (1^ 

fibt«a,  Tafiift'tse  hyjicrtr>phy  of.  -!-57 
>'erves,  deep  elrotua  of  corneal,  51' 

intrfl-epirheliaS    plexa't    ftf   wmeal. 

m 

prinmry  pleztU'  of  corneal,  5^ 

secondary  pleiii''  of  cornejvL  o'i' 
Bunerficinl  struma  of  cnrnmil,  59 

Ji'oTintiN  roirobiilbar,  4M 

Neuro- retinitis,  flvmpnlhetic,  301 

Mffbt-blindnesm  "491 

Normal  rension.  IM 

method  of  obtaining,  ISn 

Nose-piet-es  ^■' 

Ntib»'T3ul«'romejfi,  345 

Kuelear  orifiin  of  iTiitd,  foiirlh,  mid  sdsth 

nerves,  54,  r>-"> 
Nyctalopia,  4iil 
Nysta^'ma*,  5-14 

of  eoal  miners,  ->4J 


riBLMH'K  illumlnalion,  ISl 
V'     Ocular  eotijuiifliri.  44 

movements,  a.ssni-'i.iitioii  of,,  SP 

Oc 111 0 -orbital     f^soia,     innankmalioD    nf, 

a?7 
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OpKleecsQce,  105 
Opaque  optic-nerTC  fibres,  445 
Opaqueness,  105 

Operations  on  eye,  preparations  for,  583 
Ophthalmia,  anje^Iar,  308 
mignins,  305 
neonalorum,  313 

prophylaxis  of,  314 
Bjrmptoms  of,  314 
treatment  of,  314 
Ophthalmic  artery,  30 
ganglion,  37 
vein,  33 
Ophthalmometer,  256 

description  of  Javal-Schiotz's  model, 
256 
Ophthalmopl^a  interna,  543 
Ophthalmoscope,  description  of  Loring's, 
208 
mechanical  evolution  of,  207 
methods  of  nsing,  210 
theory  of,  204,  205,  20C 
Ophthalmoscopic    appearances,  value  of 
sketching,  215 . 
determination  of  position  of  intra- 
ocular objects,  214 
Ophthalmoscopv,  2(^ 
art  of,  209 " 
direct  method  of,  211 

method  of  employing,  212 
homatropine  in,  213 
importance  of  studying  normal  eye- 
ground  in,  209 
indirect  method  of,  211 

method  of  employing,  218 
use  of  mydriatics  m,  216 
Optic  axis,  1^ 

commissure,  76 
disk,  anaemia  of,  482 

anatomical  size  of,  213 
apparen  t  ophthalmoscopic  slie  of, 

213 
description  of  opthalmoscopic  ap- 
pearances of,  214 
ophthalmoscopic  appearances  of, 
in  direct  method,  213 
foramen,  29 
nerve,  anatomy  of,  75 

and   its  internal  prolongations, 

affections  of,  473 
atrophy  of,  482 

from  quinine  poisoning,  482 
degeoeratiott  accompanied  by  cen- 
tral Bcotomata,  484 
accompanying  tabes  dorsal  is, 

483 
from  dialietes,  484 
from    retrobulbar    neuritis, 

484 
from    tobacco   and    alcohol 
poisoning,  484 
pyriform  enlargement  of  periph- 
eral end  of,  ^1 
tumors  of,  494 
Tariations  in  color  of,  445 


■  Optic  nerve,  wounds  of,  299 

neuritis  from  eye-strain,  473 
interstitial,  481 

papilla,  439 
,  Optical  centre,  131 
'  Optics,  104 
Optograms,  82 
Optometer  of  Starr,  251 
Optometry,  binocular,  254 
Optotypi  of  Snellen,  150 
Orbicnlaris  palpebrarum,  41 

paralysis  of,  566 
Orbiculus  ciliaria,  64 
Orbit,  anatomy  of,  28 

cellulitis  of,  575 

contusions  of,  2S4 

dermoid  cyst  of,  580 

diseases  of,  575 

foreign  bodies  in,  283 

fracture  of  roof  of,  283 

osteomsta  of  the,  579 

periostitis  of,  575 

tumors  of  the,  578 
Orbital  fissure,  inferior,  30 
superior,  30 

mar^n,  28 

portion  of  lid,  44 

tumors,  prognosis  of,  580 
Orthophoria,  169,  549 
Outward  and  upward  motion  of  globe,  101 


PALPEBR^  39 
Palpebral  artery,  anterior,  31 
superior,  31 
conjunctiva,  44 
fissure,  40 
ligaments,  39 
vein,  inferior,  34 
superior,  33 
veins,  33 
Panophthalmitis,  311 
Papilla  lacrvmalis,  44, 48 
Papillitis,  4/4 

in  basilar  meningitis,  479 
ophthalmoscopic  appearances  of,  474 
theories  of  causation  of,  476 
Paracentesis  bulbi,  617 

of  cornea,  600 
Parallactic  displacement,  215 
Parallax  teat,  170 
Parietal  la^er,  38 
Pars  cilians  rctinie,  62,  67 
Partial  staphyloma  of  cornea,  operations 
for,  596 
tenotomy,  598 
Perception  of  a  solid  object,  86 
Perforated  disks  of  Thomson,  251 
Perichorioidal  lymphatic  space,  56 
Pericorneal  epitlieUal  hypertrophv,  308 
Perimeter,  description  of  McHardy's,189 
Perimetry,  188 
Periorbita,  38 
Peritomy.  323 
Perivasculitis,  453 


Pemti'8  Bi-lificial  eye,  517 

Persiijteat  pupUlar]'  m^nibrani;  and  tn^ 

Petit,  tntliU  of,  B6 
Phakilia,  423 

Phlyctenule,  geclion  of,  32S 
Phdj-Otneter,  172 
PhLhiriasis,  aCiS 
Fhtbiakbulbi,  341 

cortien?,  341 
Phjsiologiwd  e3:caYiitioD,  440 

o[>ti(«,  142 
Pial  fineatli  of  optie  nen-p,  75 
Ptgmtnc-epItbeUum  In^erol'  rclinn,  70 
Pigmentajy  dtg<'neniidoii  of  relitiu,  462 
Piemented  tibrou!;  cicatrices  from  retinal 

Iiemorrltagcw,  4t>0 
PingTiecala,  330 
Placldo's  disk,  '2^5 

corned  images  of,  415 
Planfl  mirror,  1UI5 
Plano-concave  cylinder  lena,  128 
lens,  124 

-convex  c^'linder  liims,  128 
Ibt)&,  124 
Plica  palpebr&lis  inferioris,  45 
saperirjri>>.,  45 

MBuliman?,  4o 

development  of,  24 
Polycorin,  !)<i3 
Ponja  Dpiipusi,  56 
Posterior  chamber,  61 

nodal  point,  13^  145,  147 

principo-l  foevs,  14o,  146 
[loitit,  Mri,  117 

KlsphvlomH,  ^'2,  b\)2 

ejnecJiijP,  :>y3,  3M 
PoaC-neuritic  atrophy,  178 

•Openitivc  astigmatism,  418 
Presbyopin,  15S,  370 

rc-ceaeion  nf  utai-point  iiif  ITfl 
Prevoft's  experiments  on  mtrror-llltfi  JC- 

flcotithng,  200 
Priniiiry  glaufociiaj  516 

pomiiion,  9o 
Principal  lutjs,  14S 

fwjil  dwlanii*,  129 

fotus,  112,  113,129 

my,  131 
Pram,  121 

devialion  produced  by,  53fi 

diopter,  137 

«vi)Jui.ioTi  of,  121 

Mafldor's  ob((iBe-ftngl«lf  172 

alrenpthc,  asliniaiion  of,  141 
Priamntic  actiofi  of  lens<e3, 140 

reiiult  by  leuE  ui^iion,  274 
Prisma,  delerniinittion  of  axitt  of,  277 

egtimution  of  strenylh  of,  277 

powur  of  niii9cl«a  to  overcoine,  ^7<j 
Priaopiometer,  2&3 
Profiles  of  lenticular  forme,  124 
Proihcsij*  oculi,  621 
Pttrvgia,  Knapp's  mettiod  of  rentoval  of, 

5y« 


Pterygium,  329 

removal  of,  330,  595 

traiimatic,  2&0 
Ptoedfi,  openiticn  for,  593 

Weeker^s  operation  tor,  594 
Palsaliiig  exophthidaiiis,  ^7^ 
PulflBtion  of  retinal  bloodTcseds  442 
Punctnm  lacrymaiis,  44,  48 

pmzimiuiij  154 

remotum,  lo5 
Papil,  GO 

Argyll-EoberlsoH,  484,  544 

diltLtntion  of,  in  glaucoms,  MV 

during  sJ-etp,  94 

exclusion  of,  3oa 

occlusiioii  of,  3o5 
Pupillary  cbuig«(^  nonnnl,  9%  93 
Pupillofli'Opy,  224 
Pniple,  visual,  &S 


nUAUTATIVE  fields  of  Tiidon,  «4 


EADLAN,  13o] 
Hndialions,  opUc,  78 
SaBge  of  accouimodiitioD,  posilive  portion 

of,  372 
Eays,  104 
IteaJ  fociw,  108 

formation  of,  1\0 
image,  108 
E«cessitin  of  ocular  globe,  9« 
Reclinaiion  of  cnlnrncl,  427 
Reduced  eye,  148,  383 
Eeftwled  roy,  107 
Eeflection,  L05 

tingle  of,  lOfi 
ItefractJng  anglo,  122 
EeFraction,  117, 142 

&t»olu't'e  index  of,  116 
and  accoromodation,  choice  of  mydri- 
atic in,  2fi0' 
correction  of  errors  of,  200 
methods  of  delennlztatioo  of  «■ 

roTH  of,  235 
oplilhaloionieter  in,  265 
use  of  mydriatic  in,  2<K> 
eoeffieieot  of,  147 
determination  of  manifest,  in   iritia, 

1«6 
from  a  dcnae  into  ft  rare  medium,  120 
from  n  rMi«  into  a  dense  medinm,  IIB 
index  of,  116 
of  n«wbotn,  3S3 

ophthalmoscopic  cbanges  in  iiicr«aa- 
inf,  44ti 
Resresi^ive  neuro-rctinitiii,  475 
Reuilive  accommodation,  370 

in  prrabyopia,  379,  S80 
Ketlna,  anatomy  of,  67 

and  opiie  avrve,  «>pg*nil»l  ntrophy 

of,  4' 14 
delschmenl  of.  406 
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Betma,  detachment  of,  etiologj  of,  46S 

ophthalmoscopic  appeuwioe  of, 

465 
patholo^cal  changes  in,  467 
prognosis  of,  469 
treatment  of,  470 
diseases  ^f,  439 

distribution  of  nerve  fibres  in,  71 
glioma  of,  470 

microscofric  appearances  in,  472 
ophthalmoscopic  appearances  in, 

470 
prognosis  of,  471 
STmptoms  of,  471 
treatment  of,  471,  472 
hvpenemia  of,  447 
limiting  fibres  of,  67 
ivmph-channels  of,  447 
ophthalmoscopic      appearances     of 

normal,  439 
rnplnre  of,  468 
Retina!    bloodvessel,    lymph-sheath    of, 
446 
chan^  in  diseases  of  liver,  460 

in  oxaluria,  460 
hemorrhage,  448 

treatment  of,  450 
hemorrhages,  absorption  and  d^en- 

eration  of,  448 
images,  comparative  sizes  of,  220 
impression,  persistence  of,  89 
shadow-test  (SeeFnndiis-reflex  test.) 
vessels,  congestion  of,  473 
distribution  of,  73 
Betinitis,  acuity  of  vision  in  albmuinoric, 
457 
central  recurrent,  462 
from  Bright's  disease,  455 

op  h  t  h  almoscopic  appearances 

of,  456 
pathological  changes  in,  458 
prognosis  of,  468 
treatment  of,  458 
hemorrhagic,  454 
prognosis  of,  454 
treatment  of,  455 
in  diabetes  mellitos,  460 
in  pernicious  anemia,  459 
leaaemica,  458 

prognosis  in,  459 
treatment  for,  459 
pigmentosa,  462 

heredity  in,  462 
ophthalmoscopic  appearances  of, 

462 
prognosis  of,  465 
symptoms  of,  462 
treatment  of,  465 
pondent,  453  I 

syphilitic,  461  j 

treatment  of,  462  | 

Betinoecopy,  224 
Shodopsin,  82 
Bing-shaped  synechia,  355 
Bo£  ana  cones,  layer  of,  70 


Bose,  visoal,  70 
Botation,  axis  of,  98 
Rotation,  centis  of,  95 
Robeserine,  378 


SAC,  conjunctival,  44 
Saemisch's  operation,  601 
Savage's    method   for    determination    of 

equilibrium  of  oblique  muacle,  173 
Scheiner's  experim^it,  152 
Schematic  eye,  383 

of  UJeting,  147 
Schlemm's  canal,  57 
School-hygiene,  406 
Sclera,  diseases  of,  351 

tumors  of,  352  * 

Scleral  conjunctiva,  46 
Scleritis,  352 
Scleronvxis,  426 

operation  of,  612,  613 
Sclerotic  {sclera),  anatomy  of,  55 
inflammation  of,  352 
origin  of,  24 
ring,  439 
ruptnre  of,  290 
Sclerotico-chorioiditig  posterior,  502 
Sclerotomy,  cicatrix  in,  532 
Scotoma,  optic  nerve  degeneration  accom- 
pamed  by  central,  484 
scintillans,  493 
Scotomata,  absolute,  485 

methods  for  finding,  190, 191 
registry  of,  191 
relative,  485 
Seborrhcea,  307 
Second  focal  plane,  132 

nodal  point,  132,  145, 147 
principal  focus,  130,  145 
plane,  132, 147 
poin^  132, 145, 147 
sight^  424 
Secondary  axis,  132, 146 

cataract,  operation  f»r,  614 
deviation,  174,  552 
glaucoma,  616,  522 

comeo-ecleral  junction  in,  524 
positions,  96 
Sensation  of  color,  81 
Separation,  lines  of,  84 
Seventh  nerve,  paralvsis  of,  546 
Shadow-test,  224 
Short-sightedness,  393 
"Shot-Mlk"  opaciUes,  447 
Sight,  82 

Simple  glaucoma,  517 
Simulated  blindness,  artificial  general  an- 
eesthesia  in,  201 
fundus-reflex  test  in,  201 
Harlan's  method  in,  200 
Javal's  method  in,  200 
Lippincott's  plan  for  detection  of, 

methods    of   determination    of, 
197 
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Simulated  blindness.  Snellen's  plan  in,  201 
uae  of  mydrifttic  in,  201 
use  of  stereoscope  in,  198 
Ton  Graefe's  method  of  detection 
of,  198 
Singleness  of  Tision,  84 
Sinus  conjanctiva,  44 
Sixth  nerve,  paralysis  of,  537 
Skiascopy,  224 
Slitting  of  cornea,  601 
Space,  peri-lenticnlax,  66 
Spectacle-frames,  choice  of,  279 
fitting  of,  275 
lens,  determination  of  optical  centre 
in,  276,  278 
estimation  of  true  centres  of,  279 
■  gauge  of  strength,  276 
neutralization  of  cylinder,  276 
position  of,  before  eyes,  278 
smoothness  of,  275 
Specula,  106 
Sphenoid  fissure,  30 
Spbeno-oiaxiHary  fissure,  30 

-palatine  ganglion,  37 
Spherical  aberration,  151 
Sphincter  iridis,  60 
Sprii^  catarrh,  308 

treatment  of,  309 
Sqoint,  alternate,  663 
concomitAnt,  662 
convei^nt,  652,  664 
prognosis  of,  665 
diagnosis  of,  554 
divergent,  552 
etiology  of,  ■¥>3 
moniilaleml,  'V^S 
ojiemtive  tre:itment  of,  555 
periiKiic,  55:! 
Stiijiliylomii,  (interiiir,  311 
imrtiiil,  311 
|ielliifiihiin,  3-18 
ti.tnl,  311 
SiniiuiiKs-l'ai'illii,  474 
Sli'iba'f  syHteiii  of  frronves,  45 
Slovi'ti's  !<tt'iniiJii'ic  spherical  lens,  172 
Slilliiii,',  i"iriiil  iif,  fl7 
HlrnliiNniuf,  ArlTs  operation  for,  597 
(■"ovi^rgciil,  552 
ilivert'ciit,  557 
(inn^fL-'s  oiiLTJition  for,  5','S 
H|)orjitii>ns  fur,  5','tl 
Snullon's  ojK-nLtioii  for,  598 
siilii'ipiiiiincliviil  ii[HTiilioii  for,  598 
willi  VLTliriil  ileviiilinn,  557 
Sturm's  focal  iiiturvjil,  15'J,  -iVi 
Siye,  'I'il 

Siiliin'iiti?  Rliiilnimn,  -")]7 
.Subnormal  color  i)orc<>plioti,  I'.'3 

(icturriiination    of,    ai    great 

instances  l''-l 
Ilolintrreir^  method    of  ob- 
taining, H'-i 
Oliver's  mdhod    fur   deter- 
miniiiu.  1'.'4 
Substantia  propria  of  cornea.  57 


i  Sulcus  orbito-palpebralia  inferior,  44 
1  superior,  44 

I         palpebro-malaris,  44 
Supercilia,  44 
I  Superciliary  region,  44 
I  Superior  oblique  muscle,  action  of,  97 

anatomy  of,  53 
j         rectus  muscle,  action  of,  96 
I  anatomy  of,  63 

'  Supra-cborioidea,  63 

-orbital  artery,  31 
:  nerve,  anatomy  of,  36 

vein,  33 
Surfaces,  refracting,  121 
;  Symblepbaron,  290,  666 

Aril's  operation  for,  692 
Himly's  operation  for,  692 
Noyes"  operation  for,  692 
Riverdin's  operation  for,  592 
Teale's  operation  for,  592 
Sympathetic  inflammation,  301 
irrita.tian,  301 
ophthalmia,  300 
causes  of,  302 
cutting  of  ciliary  and  optic  nerves 

development  of,  302 

enucleation  in,  303 

evisceration  of  eyeball  in,  304 

symptoms  of,  301 

theories  of,  305 

treatment  of,  302 
Symptomatic  myopia,  398 
SynciiTOis,  512 
Sj-nechia,  anterior,  311 


TARSAL  conjunctiva,  44 
Tarsal  glands,  42 
ligaments,  39 
Tarso-orbital  fascia,  38 
Tarsorrhaphy,  operation  for,  593 
Tarsus,  39 
Tendo  oculi,  39 

paliwbranim,  39 
Tenometcr:;,  185 
Tenonitis,  577 
Tenon's  space,  38 

Tension,  increase  of,  in  glaucoma,  520 
Tensor  chorioidese,  62 

tarsi,  41,  50 
Test-frames,  enumeration  of,  2''2 
or  trial  lenses,  139 
-type,  method  of  using,  164 
-types,  62'J 
Third  nerve,  complete  paralysis  of,  540 
Thrombosis  of  eoniral  retinal  vein,  453 

treatment  of,  JVl 
Tobacco  a,s  a  cause  of  optic-nerve  degen- 
eration, 4S7 
Tnial  reHeetion,  135 

staplivloma  of  cornea,  ojwrations  for, 
59'; 
Trachi^uia.  316 
Transtni^sion.  lO'i 
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Iran^arency,  105 
Trichiasis,  564 

operation  for,  584 
Tri-focal  lenseo,  271 
Trocblearia  muecle,  aaatomy  of,  53 

paralysia  of,  545 
Tunica  vaginalis  bolbi,  38 
oculi,  38 

vaacutosa  chorioidete,  63 
Turning,  axis  of,  98 
Tylosis,  560 


ULCER,  "rocket-shaped,"  325 
Ulcus  comcfe  serpens,  342 
Umbrascopy,  224 
Unguis,  325 
Unreal  focus,  113,  130 
Upward  and  inward  motion  of  globe,  101 
Urtemic  amaurosis,  457, 491 
Uvea,  fiO 
Uveal  tract,  60 
Uveo-scleritis,  352 


VACCINAL  eruption  of  eyelids,  562 
Van  Woerden,  anterior  conjunctival 
vascular  system  of,  4? 
posterior  conjunctival  vascular  sys- 
tem of,  47 
Vena  centralis,  retinal,  72 
Venous  congestion  In  glaucoma,  519 

pnlse  in  retina,  442 
Vertical  axis,  96 

plane  of,  96 
Vertically  downward  motion  of  globe,  100 

upward  motion  of  globe,  101 
Vesicle,  lene,  21 

evolution  of,  22 
secondary  ocular,  20 
Veracles,  ocular,  20 

formation  of,  'JO 
Vesicular  granulations,  317 


Virtual  focus,  113,  130 

formation  of,  110 
image,  107 
Visceral  layer,  38 

Vision,  determination  of  power  of,  165 
fields  of,  84 
b^  night.  491 
Visirlinie,  149 
Visual  an^le,  149 
direction,  90 
line,  148 
Visus  dimidiatus,  492 
\'itreous  chamber,   lodgment  of   foreign 
bodies  in,  296 
removal  of  foreign  bodies  from, 
297 
diseases  of,  511 
hemorrhages  into,  449 
humor,  35 

anatomy  of,  60 
in  glaucoma,  525 
new  growths  in,  613 
parasites  in,  514 
Von  Graefe's  test,  548 
\'on  Ilippel's  operation,  347 

for  grafting  corneal  tissue,  695 
Vorticose  veins,  33 


WAVES,  104 
Tl      Wernicke's  sign,  494 
Wheel-motion,  100 


Y  ANTHELASMA,  563 
A    Xanthoma,  563 
Xanthopsia,  461 
Xeroma,  319 


yiNK,  ligament  of,  41 
tJ    zone  of,  66 
Zollner's  lines,  87 
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Singleness  • ' 
Siaax  cnnjii 
Sixth  nppvi 
Skinscopv.  ■ 
Blittinfc  Af 
Space,  Pit 
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Spectac 
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DIGTlONARlf  OF  MEDieiNE 

AND  THE  ALLIED  SCIENCES. 

«a  rmr.  Pi«JiitTj(rii,Tinii,  dero-atiox  akd  kuix  expi^axatiok  or  MRDirlL 
I£BMS;    TUOJTHEK  WITH    MU'.H   L-OI-Ul TEilAL   KEBCBimVE    MATTXS, 

vrMKnm-s  taui.kb,  ct\-. 
By  AL.EXANDER    DUANE,  M.  D., 

WtitUr't  InttTTtalUwiai  l)icti-tianj. 
In  on«  »qufti«  ocUto  roluue  of  almuL  600  pagcM. 
Tbuhandj  TolumegivM  uitciiict  but  coinpI«t«  infnrmktion  wocemiaE  «v«n  word 
Ii«l7  to  be 'met  with  by  elacletiU  or  phrsiciuuK  in  Ihc  course  of  medical  roadiog,  ^p«cUl 
can  hfls  l)een  devoted  to  making  i,he  deOnitinntt  clear  mad  full,  tli'tv,  main  M-nicv  of  a 
dk^ocuxy  b«iiig  cXj)&Ddt.'d  to  include  muHi  di-MTiptivp  aot)  es^ilaniitatv  mativr  under 
liMHUan  wbicb  voiitd  be  inadi-quaiely  reJl^«^cnt^d  bv  a  diSnitwn,  howi  v«r  full.  Thuui, 
onder  olwues  are  airoa  their  caui^auon,  4,Tmptums*amt  Lr«»tment;  under  imporUnt 
orgMi%  an  outlinv  of  their  sLructura  and  funclloiu ;  under  each  drUK  Ite  action,  uw*  ami 
nepantioiu.  Exletuive  tables  of  baciUI,  muscln,  artericE,  veins,  etc,  are  included,  umd 
the  pronancUtioo  and  derivation  of  nil  wnnl'i  are  given  in  a  majiner  to  bv  readilv  uwtcr- 
BtoocL  Ka>.'li  pajte  conlAiiui  ai)  estraoriiinarj  uaouat  of  matter  set  in  tjpe  of  great  clcar- 
ntm  and  beaiitv.  In  every  detail  Dvaiufi  Pnmoaneing  ifedieai  Keiimary  h«»  b««n 
planned  to  fumiah  to  the  student  a  itaDdard  mid*  to  medical  leriDH,  ou  a  level  with  the 
L«xistin^  advanced  coudiiiou  of  the  medical  adaocca. 


THE   STUDENTS'  QUIZ  SERIES. 

ANKW  t^rlest  of  Manuaiii,  compriitine  all  depart menbi  of  medical  edenoe  and  practice, 
and  prc[Mr«<]  to  meet  ibe  needsof  dUidirnbi  and  prttdilioneni.  Wrilteo  bv  prumi- 
neot  tnedlcall  tenchera  and  specialut»  in  New  York,  llie^e  volumes  may  l>e  imned  a» 
aiithoritalivv  anil  iibrctiat  of  the  dav.  Tbcjr  rnjoy  the  uniijue  ailviinlage  of  iMue  under 
careful  e<ltturial  supervlsioa  which  glvas  asrumncv  uf  aocuntc^,  uoinplvtvneaii  aiid  coni- 
pactneea.  Cn/it  In  tbc  form  of  suggcative  ()uriition«.  iind  connme  nnil  clear  annet^  the 
text  will  impreo  viriill;  upon  tbe  r«ad«r'»  mvmorv  the  wlient  |ioInt>i  of  bia  RllojecL 
To  the  (ludent  thcce  volumes  will  be  ai  the  utmost  service  in  pre|>urinK  for  ezaiiiiD»- 
tioiu,  and  tber  will  nlm  be  of  grent  ai>c  to  the  piadilioncr  in  re(»llin^  forgotten  detaila, 
and  in  gaining  (hi-  lata^t  knowM^e,  whrthnr  in  tlirortr  nr  in  tliif  nilual  treatment  of 
dis«-a*e.  Illustrations  bave  been  iuavrted  wbvrever  adviiable.  Hound  in  limp  dotb, 
and  In  «!«'  AiiitAblc  fur  the  hand  Bnd  pnckei,  these  volumes  are  ntmired  of  cnormona 
popiilnrit/,  uo<l  nre  imiirilingl*  pUci-vl  nt  an  ezrc«dii)glv  low  pricr  in  ■'uiiipanauo  with 
Uieir  laliie.  For  delaiU  of  subjc-U,  and  piici»  eve  bH<JW. 
rANATOMV     [Do^jhU   .\i.n>litf)  —  ay   FKtn    J.  <  OENITO  •  URINARY     AND      VKNERIAL 


tcu^caHAir.  M.U.,  A^olntanl  l'>frmou'Uati'>r  uC 

1  AliSIom;.  (.'ulltigsaf  rh^ilclann  anJ  Surgeon., 

Ktw  Vi>rk,an4  A.  (TIIallxi,  M.D..  li»>iiufft«r 

fn  Surgoiy,  Sew  Tork  PoljicUnlo.    Si.TS. 

PM  vaiOLOO  V-Hv  P    A.  Hx^mi%Q,  M.D.. 
AUi-n>Ilng  >'iirsron.  MBOlinlUn  llONp.,  S.V.  91. 

tOHCMISTRV  AND  PHVBICS-Ht  Jimvii 
SrarTiiKiL'.  Ph.  n,,  Columbia  Cotlese  Firh«Dl  of 
Mia*.,  X.V,.  *nrj  I).  W,  Win.,  Pli,  B  ,  r.iliiinlilii 
Cortcee  ri  ^liool  r.f  MlDpr,  N.  v..  utd  Chfci.  II. 
Wliltasrth.  M,  s..  \-,  V,  SI, 
MISTOLOOV,  PATHOLOOV  AND  BAC- 
TBRtOLOCV-lt;-  Itmiin  8,  liu.n,  M   D.. 


Lc«tiir«r  ■■■<!  )II*to[DKT.  i'atJtolaf^  and  liaclt- 
tMni^y,  Stw  York  ValjaUnle. 


b 


MATiRiA   mcdica   and  thehapiu- 

TICB-K*    1..    r,   W.e^rii,   W  1> .   Ml«o.ltog 
I'nj->l.:Ui>.S[.  B»rllK-'l<ime«">  i'Hp,.  N.  "i .    ?I. 
PRACTICE  OF   MEDICINE,  INCLUDING 

NERVOUS  DiSKAflm-n;  rDi>i:<T.i'L.i< 

l>LU<ni,  M.  1'.,  i^iritiLiT  ^.V.  I'alboJoEleal  .Socl- 
•ty,    nnd   J.    I'.    Nihil,   M.Ii,  Meintwr   Jf.    V. 

Caaaiy  McJlcal  Ass^iGlation.    !l. 
■  UROERV     (ZJ'Xft-ld  iVHwb«r>— Ur  Biaif  U.  i;*lr 
i\iiiir,  H.  D.,   VMUdk    annr*oi>j    Ballcvu* 
Hdipital.  X.V.,  aadCiunLutiiKOji  Jaxn,  M.D., 
»Uf(«aarorkrllli>DI(p*iuary,  S.Y.   tl.Tfi. 


OI8EAaE«-Hyi:iiJ,«i.nilI,CaM«oo^M.L»,, 
V'lciUnK  ^iirtt*'^'),  I>*n>iii  l>hjMin*itr]r,  iMp.  of 
t4nrft.aDd  U«n.-I'Mii.  IJm..  Niw  Y«rk.    !1. 

DISEASES   OF    THC   SKIN— Br  CoAatn   C. 

BioKn,  M  r>.,   t>»l-ln.ni  iMrmalologlM, Tan* 

dfi-biii  t.'Uolc.  >"«"■  Vnrk.    iU 

DISEASES  OP  THE  EVE.  EAR.  THROAT 

AND    NOSE-Hy   I-li.sK    E.   MiLLKa.  M.P., 

'riir<iiil  ^urnwifi,  ViiiiiiMdlli  citnl*',  No*  York, 
J<>it:i  P.  M.-Kr..»,  M.ti-.ThfontrtucweiMn.iltflle- 
viifi  Ko'l' ,  i>iii.p.tllvnl  I>i>|>..  Sf-w  YriTic,  and 
J.  B.  Wixi*.  il  I'.,  U't-pt.  an  tlphihal.  and 
Ouit..  B«M«iiie  Hmp-,  M*a.  Cot.,  N.  Y.    tl. 

OBSTETRICS  — It^  CiuaLia  W.  Katt.  M.D, 
Hour*  I'hvdlolaa,  Nuracr;  and  Cmid'i  Kotpl- 
iil,  N*T*  York.    il. 

OVNECOLOOV-Dr  a-  v.  Butisiai,  M.D, 
AB*l»1i>nl  l»  Oynaoology,  V«nl»rtiill  CllnU), 
N«w  Vorli.  and  ai;<ri.>la  Toi-kev,  M.  V^  AaalsV 
■at  Siint«oa,  OuiHt'iiUanl  Daiiarunaal,  Root** 
valt  HoMpttel,  New  York.    St. 

DISEASES  OF  OHILORCN-BrCA.Kflflen^ 
M.L>.,  lii«lnlCI'>r  lu  I'Imimb*  of  L'tiUdna,  Nnw 
Ycirk  Pot-'TsduaUiHediCBlCdlkKe.    31. 


For  specta]  circular  with  ftill  information  and  apccimuo  page*  address  the  publishera. 
l§a  BrctJiirg  i  C«..  Pubhthtrs,  708.  70S  A  7i0  Saatam  SintX.  P(«v(ail«lT>^<«- 


T 


NEW    EDITION.      THOROUGHLY    REVISED.      JUST    READY. 

2>unQlieon'6  2)ictionar^ 

OF   MEDICAL   SCIENCE. 

WITU   Tin: 

Pronunciation,  Accentuation   and   Derivation 

OF    THE     riiKMS. 

CoaUuDing  «  full  SzpUnatioti  gf  tl)«  vsricHU  Subj«cU  iinti  Ternia  of  Aitaiomr,  Phruokcr, 
Mdllcul  Chvniuttiy,  Phurmiicolcig;',  PoluktrW.  rbuiuacv,  TiierapeuLio,  Meiliiruw,  H7- 
eien«,  1'ictnio.Knrntnf,  0|»lilhnlniolcigy,Ou>li-gy,L3i70g«ilog7,  nr-rmawlogr.  ("iyn«t>liiBT, 
Obclstrics,  Mvjitail  Jiiriaprud«Dc«  bd^  I>wiusli7,  «lc.,  f  U.  With  tlie  PmuunciMLft, 
AcccDluatioa  mad  Dcrivtiiicvn  of  the  Tenof.  Br  R0DI.ET  Dl'Houwk,  M.  P.,  lat*  PrufoK* 
of  En-'HituUs  of  Medicine  in  the  Jctlcraon  Medical  Cotkg<>  of  PhiUdcl(ihU.  New  l^'iR 
ndititm,  ilKkTOiighly  r»Tis«>d  and  greatly  •nlarged  bylCirnAan  J.  Df^nLnuK,  A.M„  sL 
Tn  one  r^ry  latKc  anr*  buulwou  rojni  octavo  Tolume  ff  1200  pogei.  CloUi,  $7.' 
I«nther,  nuaed  bwnda,  $8.00. 

')I1:<  K'«*t  medical  dictionary,  which  baa  lx-«a  for  mor»  than  two  geiwratinaa 
RUindud  nf  the  EngrlUh-speuklne  nee,  is  DOW,  after  aeverml  jenu  ot  inewwat' 
labrir.  iasucd  in  u  thorooghly  reriaed  and  gr«all]r  enlMced  and  improfed  oditiaa. 
The  n«w  wc>ni!i  and  plirwea  ag^rtiiate  over  44^000  and  by  themaelrea  woald  fill  • 
lu^  voUim«.  Kpiu<e  ha»  Itet-n  gninrd  (>v  ihe  csrlnmn  uf  everTtiung  obsolete,  and  tlw 
peg«  bu  be«n  much  cnlnreeil,  an  that  white'th«  new  edition  containa  far  more  BUUcr  tbaa 
ita  predeccMor.  the  whole  u  aooommodal«d  within  a  yolatne  ooavenient  for  the  hand. 

The  r^vlawn  haa  not  only  ctrrered  tvery  word,  but  h  has  muUed  in  a  tnn&bar  of 
imporlajit  new  fentnrea  dnkned  to  confer  on' the  wArk  the  utmcM  nsefulneaa,  and  to  niakt 
it  unswer  the  ino«t  adrancea  dcmaoda  of  Uie  lliaea. 

PronttMibitidn  hiui  been  IniTOiliiifd  throughout  by  ineaiw  of  a  aimpK-  and  nbrioia 
•ystemof  phonetii-  ii|ielliiif.'.  Ala  gliinrp  die  tiiuiier  aound  ofa  ward  ■■  cleaily  iwlietta^ 
and  Uiua  a  moat  iiuiKirliiDt  ileaidcriiLiiiii  U  ^U)>|>1I«•1. 

IterimtioH  atfor'^s  the  uCnK.^l  aid  in  recoUeciing  the  meaning  of  wonls,  mid 

the  power  of  niuiljting  iind  unrlvnlniKHng  tlitMi-  which  jt*  unfamiliiir.     It  i*  indita 

tlie  limpteft  lunimer.    tireek  wonbi  arv  spellijd  with  Kneibb  lettera,  and  (biu  placed  it 
the  rmimand  nf  ihoaf  UDbniillar  with  the  <  inftk  alphabet. 

Drhniiiatvt,  the  whence  of  *  dictSonarr,  are  clenr  and  fitil,  :i  chamcteriitie  in 
which  thk  work  has  iilwaya  been  proCioioettt.  In  thb  edition  macb  cxplanaloi^  and 
«Dryclnpei]ic  mailer  hmt  be«n  added,  espe^'inlly  upon  BubjectA  of  prartlesl  Talne.  Tboi 
under  the  vsriotn  dL-eavm  will  be  fouml  their  iTiDptotni^  treatment,  elc  ;  tindei  drugs  th«r 
duo»  (tnd  ef)W>t«,  cir.,  etc.  A  Ta>>t  aninimt  of  iniomiation  hw  l>een  clearly  And  oonTeDitnily 
oondvnanl  into  tabic*  in  tliv  alphaliet. 

Thr  tv|iOirntuhv  i-  lh')niuphl,»  in  keepirig  n  iih  the  ext*ll«nce  of  the  Ulenrr  mt<ri>l 
In  11  word,  Uit}i  toe  ediuir  and  the  pnhliKherv  bare  felt  thai  tlie  world-wide  reputailoo  </ 
lhin^iiian*i  Ihctinnnry  hiis  rctnd4>n<d  it  incunibvnL  an  theiii  to  enttirv  that  in  it*  n- 
luodi-Uvil  nud  vulargcd  kIijidc  U  should  \k  found  cqiul  to  all  that  the  acodent  and  practip 
lioDer  can  «*spe«  mim  mich  0  work^ 

Tlie  National  medical  Dictionary, 

IncUiiUsg  Eugii>'li.  French.  iii-ri»:in,  Tulian  and  T^tln  Terhnical  TermvOMd 
Meilicincnnd  I  ho  I.Villatrriil  Sri  en  re*,  and  a.  Seriii*  "f  Tahlw  fif  faefid  Ttata.  ftr  Ji 
S.  BiLumw,  M.D.,  LL.  I).,  Efiin.  and  Har7.,  D.  C.  U,  Oion.,  member  of  the  jSi 
Academy  of  8cien>n», Surgeon  U.  8.  A..  vU.-.  In  two  T«ry  bandMone  royal  ontaro  vnhiBS 
oontaiDiag  1574  pnse*.  with  two  <mlor«d  pUtoa.  Per  Tohime— doth,  96.00 :  l«atlwr,|T-M: 
half  Diorocco,  marhlfld  edges,  t&M.  For  nie  by  aubicriiition  only.  Bf»dmm  paga 
OQ  applicaiioD.    Addreae  the  pntiliabent.  , 
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IWMop*  \*  nn*  which  will  U  cuco  MtlffV  Tlie 
KudanE  and  meet  •)!  iha  Taqtilremcntnof  Ihs  tned- 

Ical  pneiMSoviM.  ri*«r  *ti>l  onipMihvnolTo  .i«fi- 
nllioos  oif  wordi  mbauld  form  tils  prime  fvaturF  of 
aay  dleitoaair.  and  In  ihli  oaa  iA«  obipf  aim 
MMn«iob«  taglvathcaiaet  aigDlAoallon  nnd  th<< 
ttlflar«Bt  meanliHta  of  t4rnia  fn  dm  Id  lavdlcina 
and  tha  oollsMral  vaianoaa  In  laagnant  »■  tane  »■ 
la  eotnpallble  with  luolditT,  Tfa*  work  la  remark- 
■A>l*,  too,  for  tl'DilDM*  il  prwoW  to  (h<>  ¥-n%- 
U>h    raader    a    thaToughl}'   M:leullfic    node   at 


aoqDJrlDtarlebvoealHiIiuyandaffMsan  aMni-nu 
and  raadir  mMkiu  of  raftreooe  Ineonaultbif  woika 
In  *af  of  ttie  tbr««  no^eni  son  II  Denial  l*DKua«»* 


which  are  riAtiwt  Id  ntdlcaJllteminrw.  4panfx« 
Ihu  bouDdleaa  iloraa  of  Infcrmalluu  iah.leh  inay  )■• 
ratned  l)T  tha  ilodr  of  a  (nod  d  Irtlaoafr.  >«■  >* 
■□ablad  bf  tha  work  nodar  qoUc*  to  rviid  islaSI' 
cenily  any  techaloal  Iraatlaa  In  anj  of  iha  her 
eriUf  mocern  langtutK^a.  Tbara  Batwoi  ha  t«> 
npinloaa  aa  m  lh«  rraat  Taina  and  naafUtaaM  4 
aiabook  of  raadyiaflaranoa  lta>  w 


001 
thi 


I*  dletli>nai7 1 


>k  of  ready  faflaranoa  lta>  w 
aorla  and  «mdlUAna  of  tDedlcaJ  matt.  So  Cbr  a» 
wa  hav*  b*an  abla  to  awa.  nc  aabJeM  hM  M» 
o<iiiit*d,»ndlD  reajieclofooanplaiana—  Uwtllta 
(otind  dlatlDeily  raforlor  t«  any  neAeal  leitaae 
jret  paUbhed.— n*  LamOtK  LmrA,  AprO  I.  DM 


UtlBLYH'S  DICTinNARV  OF  MEMrtNF.    A  THotXoauj  of  iha  Tema  XS»*A  in  HedlelB*  and  ia« 

Colli) leral  8el«DC«f>.   By  ft\<^nxv..  t>.  Uuu.vy.  aLD.    In  one  br^a  r«)ntl  I3inft.eoliune*rMD<' 
■  eelumaed  p(>«M.  aoth.t\-v>;  \»M).«-i,yw- 

tea  Broihwa  A  Co..  PiiWi»h»ri.  70«.  108  «i  ^^^l  SnMw  Va*^^.  »v»^<»m,yU«. 


Anatomy. 


P  NBW  iTHIRTEENTHl  EDITION.     JUST   READY. 

GRAY'S  ANATOMY 


IN    COLORS    OR    IN    BLACK. 


Anatomy,  Descriptive  and  Surgical, 


• 


BY  HENBT  GRAY,  F.  R.  S.. 

LECTCReR  UK  AKATOMV  AT  FT.  GBORDB'h  H(W<1'1TAI^  LUKLXJ^. 

Edited  BY  T.  PICKERING  PICK,  F.  B.  C.  8^ 

f0«lrf£«'rt>r«ron<l'Mrfimy  n;8t  Orerg^B  ftMpifn',  Inwltm,  XUnMaor  ta  Jim(«miv. 


A  n««r  Amsricui  fToia  ;he  thirUcuih  eatar^etl  and  tinpniv*.'^!  IjnDil<<iD  MlUiun.    In  <nc 

inilMirul  DCUvo  Toliime  of  IKxi  po{;M,  with  ^5  large  and  clnburnte  eiiKrsviage 

on   wood.     Price,  vilh   ilhiHtrationB   in   colon,   cloth,  $7  ;  leather,  $&. 

I'rW,  with   ilhiitrations    in    HkW,  clotb,  J^S;    Iwithrr,  17. 

SINC'IC  isy  Oray'8  Anatomy  liu»  In-iii  ili«  xuixlani  work  iw«d  t>^  Kludrnla  Af 
medicine  and  prixtiili'iir'ra  in  itll  {■:rKli"1i-«|>fil'l'>K  raoee.  So  jireiimineiit  liua  It 
been  auiODg  Uie  mnnj  wnik*  im  ihe  itiibjei:!  tliut  tliirt<.-en  editiDns  liavf  betta 
required  to  meet  ilio  dviginnd.  This'>|>porCuiucy  for  Oequenl  ievisi«nN  turn  been 
fuHy  utilieefl  and  tlie  work  has  thii»  l>e*n  »iibj«rt«d  W  Ih*"  carcriit  «-mtiny  nf  many  rf  Ilie 
OKBl  diHiinh'tiialied  iin:iioiniitlK  iif  n  i;«">pmt«on,  xnA  thiu  «  dfj-trtf  of  coraiikunfw  nnii  ar- 
cunicy  Ii3d  b«en  veciited  wbivli  is  not  ottainabls  id  tmy  utiier  wav.  In  no  fornivr  reruiion 
has  v>  mu^b  ra»  \teen  exorchcd  as  tn  Che  prMent  tn  proTide  for  the  studsQl  ftU  the 
Mualance  that  n  text-hook  can  fitniuili.  The  mtRnLvinits  liave  alwaya  formed  ft  diattn- 
iCuUliirB  fcQlure  of  iliin  wiirk.iiiHl  la  tim  |>rt»ent  utlilJoa  the  Mriee  has  been  eDrichwl  and 
rendertio  ajiD|dete  by  the  udditinn  i.f  i»n»v  noiv  <>n<».  The  hrge  ica\e  on  which  tlie 
iUiistrati-niH  are  drawa  anil  ihc  cICRrncM  uf  the  oxi-uitlon  rvoder  them  of  iinei|uatlM] 
raluti  in  allbrding  a  gt*tp  of  lh<'  complex  il  ttaile  nf  the  bnbjcct.  .\s  heretufoni  the  aiusc 
of  eHfJi  [>iirt  ia  printed  to  the  vnKr:ivinK<  thii»  mnvtiying  to  the  eye  :kt  uiir«  the  posltloa, 
extern,  ami  relatKini  uf  each  uripio,  v^wi-l,  mijfK-U<,  Ixmc  or  oer-re  witli  -.i  de!lm^*^  impoe- 
«jl)le  wiien  figures  nr  Hnea  of  rcfer«t)rc  are  cmploycil.  DtRilnRtive  cxjois  have  bvett  i.*iii- 
ploved  to  Ktve  niiditional  pmmini^ntv  to  the  nttarhmrnl*  of  ntiwules,  the  veins,  artorirt 
anJ  nervw.  lM)r  the-  iikc  of  ibuM  wlm  prefer  uwl  t"  ji*?'  'he  ►light  increflw;  in  cot 
nece^itaiei)  by  the  uDe  of  onlora,  the  roliiine  i»  pnl'Ushe<(  mWi  in  Vlack  alone. 

Th^  ill  lint  rat  ii>n«  limit  itirntilitte  «  (vimplelr  .inil  »pUndid  ^riea,  which  will  ^Mtlr 
aMist  tlic*  titudeui  tu  furmiiiK  a  ck-nr  idi-:i  »{  Anatuinv,  and  irill  also  serve  to  rfffrwli 
the  niemnry  of  tbo!<e  who  tany  find  In  the  cxlgL-ocie^t  of  practice  tiie  Dccewily  of  rvodUng 
the  di-laiU  of  the  iliv^fi-tingnK'iu.  t'oinbining  ■»  it  ihii-"  a.  eoiiaijleto  .\tlM  ofAnatotny 
with  »  tliorvueli  IrviiliM;  O-n  *yMtvtiiaiii',  ik»(.Tiiiti»^:  ami  iijniiieil  .\uatoiiiy,  iIm?  work  cotom 
a  more  (/itcntied  mnge  of  «ii|>jcct>  than  I»  nuMaoary  in  the  ordiiuiry  lext-bookB.  It  not 
oalr  Hiu«wi'r»  tfvery  nfcd  of  the  sttLct<-nt  In  laying  the  sroiiiidwijrk  of  a  Iltoroiigh  medical 
e<liic<tiuii,  hill  owiDK  l»  ilo  iippliaitiuii  uf  aniitoiiilcal  uclnils  to  the  practice  of  meillcitK- 
and  Mirijery,  it  alsvt  furnishes  ao  lulininlitc  work  cf  refcronce  for  the  active  praciilioDtr. 
A  few  nolicco  of  the  previous  eilition  are  appended  : 

Ony't  itaodard  .Innfovy  tii*  tw*n  and  will  be  '  TM  work  u  put>II>ltM  with  btaek  and  eotnrad 
far  nm  Vu  leit-book  fur  ■ludatila.    Tb*  booli     pUU*.     It  !■■  murel  arbDok.mktilDR.— iimoiran 
naed*  oahr  w  t>e  etamlned  to  Im  perfeoUy  nodef    Vnuiniontr  nmd  Xtwt. 
atooi.^m*dieal  Prttt  r,f   irntmi  Jfiu-   Terk.  Cirajr'a  Anatomv  U  the  nioNt  luaKolfi'^'iit  work 

A  work  wblsb  lor  mar*  than  twtniy  x*an  haa  '  npon  aauom]' wfikh  tiu  afar  tio«a  yubllilied  la 


bad  th«  lead  of  all  ochar  laxi-booka  on  Aitatamy. 
It  vnald  bo  iDdtad  dtfllMll  le  oama  a  fMtura 
■tlvrvtn  "Uray"  •'mild  )>»  mandaH  '<r  twfwtvd, 
and  It  nead*  ao  proiihat  le  imo  thai  tbt  royal 
wmk  U  daatlaed  R>r  many  yttin  (a  coma  la  Kold 
the   llnil    plaea   amoiiK   BBaiemlcal    lext-beoka. 


lb*  Kngllatt  OT  any  atlier  ianciiaie. —  C1n<i>><uiit 
Xtdleal  IttiM. 

Tha  bc>l  irotic  an  anatomy  that  in  uubllilied  In 
any  laaRtiaca.— rirffnM  Ji^ttai  JfonfAfy. 

Tba  rnoal  popular  wnrk  on aoatomycTBrwrfllan. 
— JOttfM'ttt  <A4  it  KMT  if  HI  lf*<lMf  jMonnti'fi. 


Holden's  Landmarlcs,  Medical  and  Surgical 

Landmarka,  Modioal  ond  Sur^oaL  Ily  LirrusR  HouiBX,  F.  B.  C  S., 
SurKeon  (aSi.  liitrUit-Liincw'a  itn<l  llic  FotiiidUns  UoApilala.  London.  Secood  American 
fcitMH  the  ihinl  ami  r«viao>I  Enzlixh  edition,  with  additions  by  W.  W,  EsBXj,  M.  D.,  Pro- 
tanr  of  Axtktie  A  natomy  in  thu  Punaa.  Acadwnj  of  Fine  Arts.  In  ono  IsfflO.  Toliuao 
of  14S  psgca.    Cloth,  $1.0(1, 


Im  Bnthtra  &  Co.,  fiubliahera.  706.  708  &  710  San^om  Street,  PW\\a4%\v^ui.. 


HUMAN    MONSTROSITIES 


BY    BARTON    C.    HIRST.    M.  D., 

P<of»ui»  <if  ObtMMta  in  I^  Vitittrtitg 


AND    GCORQE   A.    PIERSOL.  M.D.. 

in  Ur  Ij'iiii'«T(i(|r  r'i  /"niuyricnia. 


Mftgnitioent  folio,  conuining  '.220  {wgcs  of  text,  [Unstnilcd  with  nuimfiap^  ml 
SD  full-[Mg«!,  photogr«[))itc  plalM  rrom  DAtuie.     lu  four  pariB,  pric*.  *a.A,  »&.   Oxinlctc 
'  votk  juM  rwwy.    iloaited  edition,  for  ulv  by  nibecriplion  onW.    Audr«n  lb«  PukliiMn. 


V*  ha**  befen  na  tho  rourth  aud  ■»•>  ]<«rl  uf ' 
the  Ift'.tMil  kad  b«*t  work  on  bumui  moDitro*!- 
tlai.  Thli  cornpletai  ooa  of  the  mii«l«ipl«c«w  of 
AmATlma  mMiaU  llteralar*.  J  vpojtTuihlckUjr 
mnd  frMn  ■■  Krtlvtlc  iilaiDil]>oIiit,  \Sw  ni'rk  )■  un- 
•ZHTtlaoclbl*.  In  Ihh  ImI  ad  flaal  rolatno 
!■  priwiolxi   Ih-C  nioal  cvmjilele   blbllu|[r>phv  Df 

tonCalnKical  IlinTibturv  •iinnL  Ko  Ubnrjr  wllJ  b« 
coiiipleM  H'llhoul  Ihia  niinnlflMttl  worli.— Jlnor- 
f>«r  or  rA<  .Inn-iMn  MMeat  AMO,  Mar  «vlHO. 

AH«K*f>*ri  H<nwin  itmulntntim  im^ttMnr^iorj 
produAltOD.  II  will  Uka  lU  plkM  M  »  M*od*rd 
work  00   Wri>(oloig7   In  Tnadwal  tlbrmrlvi,  and  It 


A^drc 

iDualaJnajr*  retultt  tb«  honor  of  kaUg  tb*  tnktt 
It*  IclDd  wrIlUB  !■  til*  EoRlUb  laaifM.   jy 

Briluk  iitiitml  Jomnial.  Ur.j  fZ,  IIBS. 

Thla  work  ptmbI***  to  fa*  ob*  for  whieb  •  t^m 

tnu*l  b*  touoil  In  !>>•  library  nf  iivcn  aMteMM. 

paibol«Kt*l.obMoir1elftD  andKraMIogiM.  Illitt' 
Joint  prodticlUiii  of  an  i>h>ipir(i-l»n,  ami  ao  aAln- 
OloslM,  •Bd  liItlalDxlft.  and  ilu*  (Wt  aialntll 
c«riatD  that  boih  ifia  nli*r«irlc  ami  —  «lnikll 
aldw  of  lb*  roblKt  mil  Ik  full;-  re|mMw4  cal 
d*a<irib*d.  Th«  hook  ^crniian  loM  osa  of  Oa 
■rcMMl  valiia  to  tb«  r.acllah-aMaktnc  ttadkil 
■orid.— fiUnUirplk  JfegliMf  /oarMi,  Apr^  UH. 


Allen's  System  of  Human  Anatomy. 


4 


A  Systam  of  Humiui  ADatomy,  Inoludiog  lu  Medioal  and  Sorpoil 
Bslations.  For  tb«  uae  of  Pradilionera  and  Ktiid«nU  of  Medicine.  Bt  Uabukm 
Allen,  M.  D^Profeaor  ot  Ph^Holo^  in  the  I'nivflnitjr  of  J'eDiwylTaoia.  With  to 
iDtmiuctflrr  Pwtion  nn  H!hU»1o^  h^  E.  O.  6uailbei>SjUu,  U.  D^  0|tlithaliDoUiy|iH  M 
Die  riitlAilelphia  HoaiiiUl.  rVimpruJof^  813  doQb1»«oluiniMd  quarto  pagci,  wuk  3W 
lllustrutioiu  OD  109  iull  ptiRe  litliojcrnphio  platee,  uuinjr  of  which  are  in  colon,  and  Ml 
engTavingH  in  the  text.  In  six  Seciiona,  ench  in  a  pmtfblio.  PriN  [rer  ScctMHi,  fSJiO i 
aim  tiiHiiid  in  (>uc  volutuei,  clotli,  f^S.dCI;  veij  haiidauue  lialf  Ktukis,  raiavd  bnilaM^ 
opco  back,  $2&.00.    For  §aU  6y  >niA«iwy>li&n  onJy.    Addrtu  (Ac  Pubtititer*. 


Clarke  &  Lockwood's  Dissector's  Manual 

The  Diaaeotor'B  Manual.    By  W.  H.  Ci.auke,  F.R.r,S.,  and 
WOOD,  K.  K.<'.  H.,    IVmiitiMlnilora  of  Anatomy   at  HI.   llarlbolomew'*   H'Wpital 
School,  Loudou.    la  oii«  jx>i:k«!i-«l£«  12iua.  volume  of  396  pave*,  with  i9 
Limp  cloth,  red  edgei,  $IM\.    See  StutUtU^  Stria  of  iiamtaU,  page  80. 


Hamn.Claika  and  Lo«k»oad  Kara  vrltlaaabook 
that  oan  hardty  b«  rlTallvd  hr  aDrMilt^aJald  lothe 

dlonvclor.  Their  jmriioM,  which  1»  "how  to  dc- 
Rarlbr  Ifin  bOMi  waf  Ui  dj>>)>lay  Iha  analtimical 
■traciuro,"  ha*  b««B  fullr  atialnad.  Tbajraxoal  In 
a  tiwidltjr  of  demonalrallua  aaj  fnphic  t«raeiic*a 
of  ciprDaaloti,  wlitch   onljr  a  long  Inlnlag  aa<l 


lotlcnato  aaaarlattoa  with   ■mdweia  otn\4  Iw* 
alten.    WItb  aucli  a  guide  aa  Uil^  tm«jmIw 


ao  attrmctlTa  awnnmaamry  aa  frew*  Jfa|f 
Appfitd  A^atamji  [amiw  a*rl»a),  no  vtndaal  mH 
Ml  to  ba  daaplyaadilwortilniilr  tBtlt—ll  mh» 


% 


atudjrof  anatomr.— ifaut  Orl*atu  Mtditmt  m>4B^ 


r/wnia^AptU,1VI. 


Treves'  Surgical  Applied  Anatomy. 

Surgical  AppUod  Aaatomy.  By  FBeutiiii.-K  Tulvin,  F.  R.  C  BL, 
I>emoTi!'tniti>ri>]' Analomyaoil  Atwistant  Surgom  at  the  London  lloi<pital.     lactte 
liSft  ISciio.  vohimc  of  64U  pagek,  with  01  illartrattona.    Limp  doth,  r«d  edgei^ 
Shuif'ls'  .%nM  of  Manvalt,  p.  30. 


Bellamy's  Snrglcal  Anatomy. 

The  Studout'a  Guide  to  Surgical  Anatomy :  Beinga  Deacriptioa  i/t 
Bwat  Jiuj-ortant  Stir^iod  Regitrnf  of  the  Human  Body,  and  iot«ad«d  aa  an  IntrodilcfinB 
OperatlTe  Sunrery.   I!y  Edwasd  Hcllauy,  F.  I!.  ('.  8.,  Senior  Ai«istiuit-Ruis«oD  tu  u,t 
CharinK-t'DMN  Hnrjiitid.     In  one  12mo.  vol,  of  300  pagn,  with  SO  illus.    Cloth,  VUl 

Wilson's  Hnman  Anatomy. 

A   System   of  Human  Anatomy,  Civneral  aitd  f^iiecial.      By  Ki 
Witsos.  F.  R.  S.    Edited  by  W.  H.  GoMKa.iiT,  M.  D.,  Profavor  of  GencnU  and  S 
'  Anuotoy  in  Uie  Medical  College  of  Uiiio.     Id  one  lane  and  haodioiiw  ociato  eolint 
0/616  pages,  with  3^7  lUu>muoii&    Cloth,  $4.00;  leaUier,  IfiiOO. 


LSI       J 
iCBAenlH 


SABTSHOIEHrS  HAKPBOOS  OK  ASATOMT 
AMD  PHrSIOUtOr.  Saoottd  adltkiB.  farlaML 
llnw.  Sio  p«s««,  S)  woodCttta.   Clo«ti,|l.IL 

BOKNEtt-SaPEClAL  ANATOMT  ANP  HISTOL- 1 


OGT.    ElKblb  adldeo.    Is  lw«  fvufv. 

ttf  letft  nwaa.  with  IW  woodeiit- 

CLBLINI'S  PIBECTORY  ri'K 
TIO.N  i.r  TBE  IirSIjIN  B<H 
Cliilb,Sl.ir,. 


Lta  Brother*  A  Co.,  Publi»h«r».  106.109  «.11Q  %af>««ni%tT«tA.nn\aAi&fUja 


Draper's  Medical  Pbysics. 

Medical  Physics.  A  T«ii-baiik  for  Rtiid«nu  aod  Pr^ctitiuoera  of  Medldoe. 
Bt  Jons  C.  PiiAPKH,  M.  D.  LL.  D^  Prof,  of  rhemUlry  io  Ihe  Tniv.  of  ih*  Cily  i>f 
New  York.    looneoeUTo  wl.of  "3<  pagen,wllh37fiwoodfUU,inoetIj'oriKinal.   Clolh.W. 

n'bll*  all  •Qllglitoa«4ptiT*(cl*n>  '111  uri^ltisi  i     No  man  Id  Arn*r1i-s  <•■.*  b*iwr  flit*d  lh«a  Dr. 

•  l<ii<iwl«dfe  of  pbjf-Jrs  \a  <l(*lr»ble  for  tfitt  mo-li-  Dntpar  fnr  the  iwk  hn  iniilenook  »rJ  he  Um  (<w>- 
ckl  ■ludvnt,  only  t)to«<^  •ctuntly  «ngKg*(I  in  the  vtil»d  l.lie  (UiilinT.  bihI  )>nu'tlil'^>n*r  of  TRodlclsa 
l«achlar  of  ih«  prlmtrr  «ub>OU  cju  1m  fully  vilh  >  TOlumi'  at  qdi:*  r«iidftlito  Mud  IIi«roi]|tIi. 
«>ar«  of  tbe  dlin'?M:Tii>i  anvouAWrwd  bv  Mtidenu  Cien  (o  ilia  HHilcut  who  hMtmna  koAvladBoof 
«bn  alMmpt  tMv  •tiidf  of  lh«iM  Nibjscla  wtlhoul  ,  plijralei  till*  book  I*  iiMfQI.  u  It  Hhowa  htm  tl* 

•  kDomlrdK*  •>t  aiihor  pli]rslea  or  ch«mlalry.  Bpplli>«llciDi  toih*  pri'fMsInn  ttiM  ha  han  cJiomo. 
ThMe  mre  Mpoclkll;  fvll  by  lb»  t«M>)Mr  of  iihysl-  I  llr.  Ilrajwr,  •■  an  otd  laa^hct.  ki)t«W«l1  tbvillB- 
vlogy.  I  <!ultto<  Io  ba  rnrxinili-rvJ  tn  (•riDglns  hto  ram«ol 

It  l^  how«**r,  Impo^flMe  for  hira  to  Imptu-t  n  !  wtthin  iho  tr**p»(  (tir  atara(o*radMt,Uid  llMl 

hnoKledia  ttt  the  Di«in  f>'^l>  «f  hl>  mibJniH  ihod  ha  tiw  auwaadad  ■«  w»ll  proTM  onca  raor*  thftt 

Mlabllnli  Iham  byr«a'on*niulrji)HTini«at*N«m-  lh«  man  W  «HW  fivr  Ntil  *iktnlne  i>tud«aU  K  tba 

anairailoii,  and  at  the  'ame   llmo  imdertaka  (o  on*  who  haa  iMiKhl  and  1«  (•artilitf  ih*m-    Tha 

MMh  Abiai(i«ib*pirln<.'li>iv>'<r-.<hainl*li7or  phn-  bnok  te  tNll  prtnM  Mtd  fnilr  iltiumtcd,  ksil  In 

]«fc    BWK*   Itw   dt'lnblUiv.  ire   may  mjt   fba  erary   w»   daacrra*   Kn^'i"'  raao«ntili>n.— Tb* 

saenalty,  lOriorap  n:!?!!  mitk  aj<  Iha  pra*«nt  on*  JfnafrMf  Ifafifoi^uHnt^  Jd)/,  IMS. 

Power's  Human  Physiology.— Second  Edition. 

Human  Physiology.  )iy  Hewbt  Powbb,  M.  R,  F.  B,C.8,  Esaminer  in 
PhjtiologT,  Rofsl  CoUegvof  Surgoooaof  EosUik].  tS«coniI  vdition.  In  on*  Vltao.  rol. 
of  W9  pp.,  with  6S  illuatntlons.    Cloth,  11.^     8eo  AutfraM*  Smci  i>^  JTimua^  p.  SO. 

Robertson's  Physiological  Physics. 

Physiological  Physics.  \\y  J.  MrOnRooR  TUvuRRxaoK,  M.A.,  U.  Bj 
Muirlmd  rtrmiinvtr.itor  rif  ^llT^iol'llKV,  UniTcrtity  of  (ilaitBuw.  In  <><■«  I'iuio.  toIuom  of 
537  paxes,  with  21W  illim.     Ump  tloth,  t2.    Stre  '^vdmf^  Stria  of  itanuait,  page  30. 

TbaUttD  Ol  Ihla  Hr.rk   ■iifflrltini.ly  fiptadi.  lUr     innnto.     It  will    ba  (oaai  of   %TtM  TKlae    U   lb* 

B«ktur*of  libconionta.    It  Ih  deilKoed  u  •  man-  pmctlUofiar.    II  ia  a  OMVfully  |ir«p«r«d  book  of 

lul  for  tha  atudanl  of  m«<ll<'iTiii,  an  aiiilllary  [■>  rrfrironR*, coDrlaa  aitil  aMIlnilia,  and  aa  au-Db  W4 

hiat«il-booklap)iyKlalD^,an(lli«uutdb«paril<^u-  hMtrtllr raeotoraaoJ  Ifc— Jaaraal  o/  IW  Aai^wiNi 

kriy  iiaaftil   aiiasiilda  i»   I>1*  Ul»nit»ry  'iiTrl-  J^nlunJ  H wociiUiun,  Doe, fl, MSI 


^J)alton  on  the  Circulation  ot  the  Blood. 
t  Cootrines  of  the  CirouUtion  of  the  Blood.     A  UistoTT  <>f  Ph,nit>- 

logical  Opiniun  nnd  Disocverj  in  reganl  u>  llie  Circtilulioo  of  tlie  Blood.  Bj  Jons  C'. 
Dalton.  M.  D.,  Pri^fcj^or  Kmorilus  of  PhvEiologjr  ia  the  College  of  I'hjrsicinDH  ami  8ur- 
gaoiu,  N«w  York.      In   one  hajidonm*  I'inio.  roliinip  of  t:93  pagm.     Cloth,  f'i. 

Dr.  [>alioD*BiroTkleiM«milt  oftliodreprtMArcb  |  ation  f«r  tboaa  plodding)  worlt«r«  of  Dl<l«a  tloMii, 
«f  acultnrad  mind,  and  lochabuiy  practlllaner  It  ,  who  laid  thafoumUiIooof  tha  maniiflciint  tempi* 
flunot  flUl  In  be  a  toure*  of  loMruelloa.  It  vlU  sf  mxHoal  aelenc*  tn  U  u>«  ataodi.— A'wr  Orf««i( 
laaplra  him  iritha>«!loxof  gralltudaandMlnilr.  j  Mtiktd mid SmtgUoi  J—naal,  Aug.  UBS. 


Bell's  Comparative  Anatomy  and  Physiology. 

Comparative  Anatomy  and  Physiology.  H»  V.  Jxcfhiit  Bri.^  M.  A., 
ProCeHOrof  OmiimrmiM-  Anntomy  at  Kiii/s  College,  Loiiduii.     In 


psgei,  witli22{liUiiiantiionH.  LinipclMh,t'J. 

Tha  manual  la  praAnlDamly  a  ituileal'ii  brxik— 
otMT  asd  alonptfl  In  laDK'Jatce  and  amnMinaai. 
[I  la  vpII  and  abua<taD(lr  lllu>tnt«d,anTina  rvad- 
ahlp  acid  li>t«rMllaK.    Un  tb«  whul«  we  coaaldar 


one  13iiio.  9ol.  of  Wl 
8ee  StvdaiU  Seria  «^  Manvni*,  page  SO. 
It  Ui*  b*«l  wcrit  Id  «slcl*>ac«  ta  tlia  easllab 
lancuaM  to  placo  In  lb*  banda  of  Iba  iDMlcal 
atudaall— AHhoJ  M4M«t-Chinifmt<U  Jounuit,  Mar. 
liss. 


Ellis'  Demonstrations  of  Anatomy.— Eighth  Edition. 

Demonstrations  of  Anatomy,  llring  a  Clnidc  to  die  Knowledge  of  th* 
Uuauut  Bo>l;r  l>y  Dtuectiuii.  It_v  fiei^iFu.K  \'i.<(r.H  ni.i.ix,  l%tn«ritus  Pnifanor  of  AnatoniT 
IB  Uoiventty  College,  I^^wIod.  From  ihe  cislith  sdiI  ravisud  I/mdoo  adilion.  Io  mm 
very  liandaomeoctATOTolume  of  716  pages,  with  249  llltu.   Clolli,  H^;  leather,  (5.35. 

Roberts'  Compend  of  Anatomy. 

Tb9  Compond  of  Anutomy.  Fur  uw  in  tlie  diMecting-room  and  In  pre- 
parios  for  exkuuiwlioas.  By  Joiih  B.  Robkiit!^  A.  M..  M.  D.,  Lecturer  in  Anaiomj  in 
tlie  Univenilj  of  Pcniw^lvonia.     In  one  16nK>.  vol.  of  IQtf  |ttgea.     Limp  cloth,  75  «eDle. 


WfiMLEnS  OCTUMM  UP  UBOWIC  CBCN>| 
IBTRV.    Edited  by  Fima.    TraaiUMd  l<y  Iba 
RiHtiK,  M,  l>.  Ph.  D.     In  oaa  llaio,  *olBin«  o*  , 
i"*i  ciifvi.    Cloih,  ftl. 

l-KHa«>iN-9  MASUAL  OP  CHEMICAL  PHTS- 
lOLOIiY.  In  one  octavo  nliiina  of  va  luaa. 
vlUi  41  llluatrallofia.    C)olb,tt.Hk  I 


DAJtPB»TBR-a  HUMAN  PBTfilOLDOT.  Utte4 
br  Bmai  Powia.    lamia  odaio  Totuma, 

CARPE.VTER'dPRI2B  ESSAT  OKTUEl'SE  AKD 
Aaraa 'ir  Alcuholic  Ltgtioaa  t«  Hkaltb  ut>  Dl>* 
Kiaa.  Wlib  exptaaatlonao(Ml*nil(l«  wvrda.  Sinall 
ttmo.    ITI  tafoa.    doth,  COoenta. 


Lta  Brotttrs  1  Co..  Fubtitlnr*.  706,  70fi  4  710  Softtom  &tr««\.  PVil«,4%^9>VtQ.. 


Foster's  Physiology— Fifth  Edition. 

TojLt-Book  of  Physiology.     Bv  Michaei.  Foweb,  M.  D-,  F.  B.S.,  PraW 

tor  in  I'liynioloev  nnJ  I'Vlln-.^  n-'  Trinity  College,  CuBbTi<I^  En^lnnil.     N«w  (fwirth)ud 
enliirg««i  Amenrjinrroiii  thr  liftli  axv[  rrviii«d  Knglbtli  «tIitioii,  witli  n 


lu  un«  boodsome  wtuvo  to),  uf  1072  fraijcfl,  vritit  2S2  illu*. 


Til*  ni>p«>ikii(M  of  luMtheT  oillUoh  of  FcMMr'*    tha  Uithor  Uifcly  ii.If>;jt^!  to  *  modtlUd  torn  tb 
,  M;«IoIoK]r  u»la   rpmlndn  a*  at  th*  ■■•'•iilliiiMnl    t)iU  r«*lii1oii,  t<       :  '!  'vfl  to  ba  (lofW^Iki 

popal>ii5^  or  Ihln  mom  m-ioitpnt  nork.    Th«r«    •illTortorendrr '  :rk<l«|>l*4taU>«i*««ik 


[«w)  b*  no  doubt  irini  lliL*  u>xi-linnk  nutimlx  tnc- 
[  pnOM  14  ImhI  -ill  nlliar-  l[i  ilio  KnglUh  lnnKaM*, 
(but  thol  lht>  iMt  edition  N  nupoiinr  to  It*  ynS*- 
liMMon.  Ieii<«Tlil*iil  tliaiihoAUthorhMdoroMd 
'  B  conaldsntUB  MCOunl  of  Itm*  Uid  lalior  lo  fla 
I  ynparallOD,  oMrly  eroiT  pas*  Imm-Iob  aVdMiAM 
'of  citr«flil  f^vMoii,  Aftliough  ih»  work  i>f  ilir 
Amfrkan  (••IKor  in  forrnor  aijltloii*  hii*  be«n  by 


(•r  cur  Aio»rl'm  -,  *o  thkl  ih«  AUMfinw 

^dllloB  vUl  niido:iblriio'  i'i>nlliiti<>  to  woptf  tb* 
R>iirli«t  on  till*  (Ills  nf  tl>p  Ailiuitle.  Tliswnk 
ba«beenpublMti*dlnthre)i»r«ct#rl*iIe«t«dtWl« 

Rtjrlit  nfthv  Ixa'a,**"!  Ovln^  to  lln  •iii<(V»a«*  wMl 

1»  offereil  kt  mi  txtntotiy  )□«  prlc*.—  TIM  Jtttui 

and  .<biryval  fiffKirtn-,  Jmi.  U,  IVTI. 


Dalton's  Physiology.— Seventh  Edition. 

A  Treatise  on  Human  Physiology.      DerigD«d  for  ibc  use  of  Stnlearii 
aad  PrnditioDon   r»f  Mviicinv.     Hv  Johm  C.  llAi.rnN,  M.  V»..  Prof««j«.ir  oT  I'hvsiolofr;  ii 

[|h«  CoU«^  of  PhynciuM  aud  SurseonBi  New  York,  vlv.     S«tvuUi  odilioa,  thorougkly 
feriMd  aiM  rtwrittm.    In  one  vorr  hMdwirDe  orUTn  volume  of  1'i'2  iMge*,  mth  SSU  beta* 
tiful  vngravingx  on  w(>ud.    Cloth,  |6.00;  Ivatfavr,  ffl.OO. 
.  Tram  Ih*  tm  apti««r»Bca  of  tks  book  li  iiM '  baf*  botot  b«»i)  (b  aaj  doabl  m  ta  m  imftii 

,  ^MR  a  hTOTllf,  owtnK  >*   wall   lo   Iti*    uillior*!)    worih.—lS.  T,  Mtiital  Jtmmnl,Ov%.\%IIL. 
TuBOWB  a*  KB  oral  loaciior  a>  to   ih*  ciianr<   of       I*n>r*Mar  Daltoa**  valt-kaovn  aad  illwi  llfQ 

'  almiiMcilj  wllli  whiitli,  a*  a  wrlUr.  he  aloaj*  apprvcialed  work  ba*  tone  paiaait  Uia  •<*■•  ri 
•uc^Mdi  Id  iBTMttDK  oven  iDtnoti*  mibjoeu.  wl.ich  ti  onald  bantlcfrMlB  UtaardlBan'MMa 
It  iiiii't  bx  grall{yia|c  to  htm  to  obacire  the  ft«-  Tlie  work  (■  ctBlneatljr  on*  tot  Ui«  iiniltnBl  fn^ 
quoocjp  witti  whicji  tiia  work,  vrltten  lor  *tud«Dt*  Utiocrr,  pIpi'4  liirMttnMlfBlljrafllMaatKaalHl 
fend  piacllllmier*,  i*  quoted  bj  vlhar  aTtler*  on  of  jdiynloIaKjr  whkb  liava  «  dlraot  ^iBBflm  on  >kf 
pbjwlolDgjr.    Tbl«  tact  ailwta  lt>  tbIuo,  and.  la    dlntOMlf  aad  trMtmrni  of  dlaaaM^    Tha  mrfc  b 

Sraat  Biaaaurp,  lla  arlg)anlit7.    II  now  needi  do    odb  wbloh  w*  can  higbhr  remnaMad  10  ril  ovr 
Beb  aoal  of  a|>pr«batloa,  howofor,  for  ib*  Uwa- ,  Ttiitn      fNfnn  fitw-inlrf  IfnrflfatfMwwi.  F«a.m 
•BBda  wltoharo  studied  !l  lu  lla  rarion*  edlllona  i 


Chapman's  Human  Physiology. 

A  Treatise  on  Human  Fbyaiology.    By  Uemhy  C  CiLaFMAit.  U.  tK, 

Profeee'jr  of  Inslitme^  nf  M»lidne  in  ihe  .l^flarson  Medical  CaWtpi  of  PbilaadtJiia. 
In  ttue  i>olavt>  vulutut  ul  v:^  I^K*^  "<'^  *^^  enciavings.    Clolb,  $0.90;  leallier,  ^.U. 

It  (vprMenU  lerr  fiilljr  ibe  aiiilliii;  Rial*  of  I 
ph/iIaToKy.    Ttiepfoaeoigork  has  a  upeclat  latue  ' 


lo  III*  ••(nrlint  au<l  pnw^titiimfr  %>•  ilpTolcd  iti'ii* 
»i>  Ihp  I'-rwrilFal  api^tpatlocof  •••ll-honwn  milb^ 
whii'h  ih'  iulTanc«  of  i-ctFnoii  lia«  glit^o  to  the 
profaHioo  Iq  thla  dafarttnenl,  vklch  may  bo  roa- 
•Mtrodtba  foundalloDOf  raAlonal  m«dlclii«.— BhT' 
pda  UmUeotrmd  Sirgital  Juiimn/,  llae.icn 

Maltota  whleb  hB>«  a  lir*ottcal  betulnc  on  Iba 
pfaoUcaof  nedldBaarvlueldly  ospraaaad;  laeh- 1 


Dical  malt«Ti  aro  fWr-n  la  inlDUM  detail;  aUfaB 
rata  dlraoltoD*  aivFtaiad  fnr  iIm  KUldaaM  «f  Ma* 
deiita  Id  the  labonloiT.  in  averr  riMpeCT  tba 
work  fulfil*  Ita  )iroRiti>«,  whether  as  a  cwapliM 
tTMllM  forUwaludeiil  oi  f.>r  iba  phjalclM;  fc( 
tli«rorai«rUlf  aoeonplatailiBt  bsaaad  laeft  la 
farther,  and  lb«laH«r  will  findaiiMflBlanMatNd 
iBatruQUoo  la  aa  admlnU*  book  of  lafcrMci.- 
iToria  CanMM  JfaAcnl  Awnutl,  Mot,  UHI. 


I 

I 


Schofield's  Elementary  Physiology.— Jost  Ready. 

Elementary  Physiology'  lor  Students.  Ky  Alfred  T.  ScHoFiKUt,.] 
M.  [).,  I^t«  lli>iij>F  I'liysicbtn  Luoik>nH<M)>ilal.  In  uiw  l!^mi>.  rnltimw  df  3S0  pagei,  witikj 
227  eograTin);^  and  2  cnlorwi  plnt«s  oonialninx  30  Bjfwrc*.     CUtli,  $'^.00. 

Frankland  &  Japp's  Inorganic  Chemistry. 

Inorpanio  Chemistry.    By  K.  Kkakklasp,  1>.  C.  L..  F.ItS^  Prof* 
Clieiiuslr>-  ID  tu«  Nurmal  School  of  ^<cien«%,  I/>ndoiL,  and  F.R.  Jarr,  P.  I.  C., 
IV>rciw>T' iif  (JJirn)i»lry  in  tlie  Nnrmnl  Bcboal  of  Science,  Londtin.     la   on*  haodwma 
Qcuro  volume  of  <^7  pa^ea  with  b\  woodcuUand  2  pLaiea.    Clotti,  13.75 ;  laatliw,  |4J5. 


This  work  ittoald  Miparaade  other  work*  of  Ita 
alloKML    lilaoartalnlybc 
ad^tad  ihaaaay  work  apoa  abemlatn.wllh  wblch 


«la*>lBihem*dleBl(MiU«KML    lilaoartalnlj  belWr 


clM>mt<«l  knowledfa  la  behind  the  Umea,  would 
do  well  M  Mad)' tbli  work.  TbadoocnpUoeaaUt 
d*moi»inUon«  ar*  uada  ao  plain  Lhsl  tbaio  I* 
no  dUlcalty  Is  nndantaadtac  Iti4 
iliditat  A'nec,  January,  lUO. 


WW  arw  ao^joLBtattod,  to  Impan  (hat  mW  aad  tall 
kaawladfa  of  tba  aolcnoa  wMck  Mndania  of  mod. 
lolDO  ahoald  ha*a.    PhTfJeLaD*  who  feel  that  ih«tr 

Clowes'  Qoalitative  Analysis.— Third  Edition. 

An  ElomoQtary  Treatise  on  Practioal  Chemistrr  and  Qt 

Inorganic  AnaJ^SlS.     ii^iiemlly  adnpted  for  oae  in  the  I.«bora|i^TC  of  £ 
Oollq^aa  and  bj  Bagintian.    By  Fkaick  Cloives,  l\  Sc,  Lotuloo,  Seiiior  fld— ce-MiliT 
at  the  High  School,  >*evtvMle-imdcr-Lrme,  tic.    Third  American  fron  lh«  feurtli  aad 
nriaed  ^glitk  adltioo.    lo  on«  ISmo-'roL  of  337  [iigaa,  wUh  56  Hlna.    CloUl,  9SJ0. 

CLASaSira  BUQIEIITART  OPAKTITATn-E 
A^lALTSlS.  Tmulaiod.  with  naUa  aad  addl- 
tloD*,  by  Rt44i  F.  SaiTw,  Ph.  D.,  AaalataDt  Pro- 


foMor  of  Cham  tnry  Ib  Ibe  Towaa  fclaaUAa  L  _ 
Unltctntty  of  PaoBa.    In  oaa  Una.  Tfrlnmi  rfl 
paK^swtibMUtoa.    Clailt,} 


L*a  Brothwt  &  Co..  Pubii»H»r%.106.10S  L710  Sonaaia  ^ira^.^MatetQUa. 


ChetnUtry— (CMiUanedv  9 

Simon's  Chemistrr.— Nev    4Qi   Edition.    Just  Ready. 

ciM    Br  W.  ^M99,  Fh.  iX,  M.  U.  riufmmiTilCkwmmn  wrf  Tbikwimj  i«  UifCMhM 
offfcmehM— dP>iMMO<ilihiwiviTiiiftBiiirffiwiaij  to  A*  Majhaioak 

TwhwJibiwakMMia^Mcf  tW— iJBiwilMinlwirnMM.    Ckith,l3LJL 
Ai»Ht>iS5>iMi^>— w»wif fc««fci»aii  *ij«rio»MMinifctw—  Inn rtij— «!■»»>. 

Aew«  MM  a*»  kw  «■■  nnfcl  ■^»»t1m  ••4  ^m*    la  (h«  mm,  ■■  J  tb»  MikM-  haa  Maortlaa  Im« 
pwtialiilM  af  M  IJirt  HMaMr.  feM  fer  IM    wrtli l.lfcfa«li fri m— I  ■■*  11  wiwtfi  wrtiiw 

^^  _       .  .,  ill*.,  3„, 


tmnn.  Emit -    - 

of  hb  an  U*«tM4  U«  irfi 
OaiMKlMtfrmB 


E"^'* 


o« 


Fownes'  Chemistry.— Twelfth  Edition. 


A   "'■^"■"^1  of  ElamantAry  ChfimUrry  ;    TbcofMied  «m1  PnctkkL    tfy 


AnMrscuLfrDic  tM  tvelfth  ^^u  editiaa.    In  one  laif*  rtsI  IShk  toIium  of  lOU 
|K)[M,wiUi   168  tagnna^  mad  »  cdoni  pl«l«.     CloUi.  92.75:  lMlb«-,|3.S& 

FowM*'  CI  pit  J   M»   MM  ft  aMB^Md  HSt- ]  «ri  Mil4ma.    In  Utt*  wvtk  W*  tMaMd  taUj :  Raad. 
bMk  «BM  ckMaianr  Iot  naay  Man.    lu  awrta    LIgta  —J  Btoetrtaw.  UwtBiBay  MiK**«hw>    n* 
-  -■    ■  ~  f  '        ....  SKiaw  axatMd    b»  IMaa    Ibwaa  U 


>k  apon  ckMaunr  Iot  naay  Man.    luaMrtU 
)  vwy  fUlT  kaova  fey  ehwnliM  asA  yBf  *'*— 

>nrw>iarvln  ih<*  ■mMTTao^  ts  Baclaad.    Aa 


olMMlMl 


)-"'i~Tti  "  '-     -nTTMil  Tr  irnglaal     Aa  lacmwafoa  fcaaBh  Mrt  <Ui— ^aifc.lft«lh»»ow 

u>»  adaac*  baa  aJiasccJ  nr  tba  aakuc  "f  ■••>  I  Maanaart  tlaA,  aM  ikould  ba  fcnlUar  W  wranr 
dhwomrlaa,  iba  *och  Im  bam  ravkad  ao  m  M  ■ajcal  fwrnMamm.  W«  «aB  Mwand  th* 
kMp  U  abnaat  of  ibe  tlSMa.     It  haa  laallly  I  wncfe  m  V»  «t  iW  vaiy  b«K  (aiv^vAk*    apaa 


■itttleld's  Chemistry.— Twelfth  EdittOB. 
[  Chemistry,   Oeneral,  Medical  and  Pharmaceutical;  lDdn<tia|>  ih« 

Ch«iutsU7  &f  ih«  L'.  S.  fiiuDuowma.  A  Msau^l  ut  tb«  (l«D«nU  PriDciplaa  of  th* 
Sci€aoe,Kod  iheir  Appliotioa  to  MvUdm ud  FbannMiT.  By  Jons  Anrtsux,  U.  A. 
Ph.  I>.,  K.  I.e.  1",  K.S..  etc,  Prolaaor  of  Prartical  ChenlMiT  tv  ib«  HtunuMtainl 
Bfiodeir  of  Gnnt  Britain,  etc  A  twv  Aioencan.  from  tlw  IwvlAh  EaglUi  edition. 
^^tofdallT  r«n«ed  br  ibe  Author  for  AuMrka.  In  on*  hftndtooM  roT«l  ISna  TOltini  or 
TBS  pa««s,  with  83  Uliiatntknu.  Ctoth,  $3.76;  l«ath«r,  f3.S6. 

AMlIald'a  CBMitMrr  U  tb*  sveal  popolat  book  mus  of  v«1l-arnDK*d  lufbrmftUoa  «h*i  It  Xll  ah 
amass  Modaata  of  uadlolaa  and  phaRnanr.  TbI* 
pepuirtiT  iMM  Bfoii  T«ai  BHrtta.  Attftawi  irork 
«)a>bdaaa  la  tb*  lunlaai  tnaasM  ■  claar  •■{xnl- 
itn  «f  tiM  tlMon  M  ebanlaitT  wltb  tba  pnnloal ,  ptvdnc^d 
aaplleatkia  of  t£la  kDo«1*dg*  Bo  Iba  •tarjitkj' 
aaiHiigi  of  ttf  nhy^t^tjM  aa4  pbamftfitt.  Hi- 
baolr  N  wvcbiviy  whkt  ina  uila  culm*  (tar  It.  Tb« 
•dalrsN*  tnaacMBCat  of  th«  l*xt  (nablM  a 
raadar  to  km  a  (nod  ld*A  of  ehMnlaln   vliboat 


tht  aid  M  «XMRiD*nts  aod  kfaia  Itia  a  lood 
labDrntnrj  gulila,  witl  flnktij  It  oonulaa   Mich 


WBjD  (vrta  •«  a  handy  book  of  raf*r*»e*>  Ha 
doMDOia]l«w  naratiiiunublaknvwMlpw  slip 
into  hfi  liMk ;  hii  tona  nan  of  axpanvae*  hBT« 
ptv>dac«d  *  wQ(k  which  l»  both  •olanlllla  aa4 
prafUcal.  and  irhleh  ^uU  oilt  aTaTTlhlag  la  tiM 
DBtur«  r>(»*uptrfluttr,  kad  Hvamla  iIm  ili*MorM 
of  lia  aaocMai.  TUa  bit  •diUun  »hO«a  Uta  mark  a 
oftlM  Iwaai  wagriM  nada  tv  abaait*lf7  aad  phvm- 
leal  taachlos.— JTm*  Ortam  JfadimJ  i»arf  tiWyiMj 


[Bloxam's  Chemistry.— Fifth  Edition. 

'  UhemistiT.  luoreanic  wnd  Organic.    By  Charles  L.  BloiaM,  I'rofMor 

of  CbctniMry  m  Kini;'^  C'oliegs,  LuihIdo.  »w  Aio«ricvi  from  th«  GfUi  Loodon 
cditioo,  thoroiij^hl*  reriud  and  much  improT«<],  In  one  verv  luDdBOOM  octavo 
Tolome  of  737  fugti,  with  292  iUiwtnuioiu.    Cloth,  $2.00 ;  leather,  $3.00. 


CeoHMM  fron  a*  on  UUa  Maodard  work  li  al- 
moM  Mipvrflowia.  It  dlflbr*  «ld»ly  In  wnpa  and 
■In  tttaa  tiui «C AtlAetd.  and  In  ita  wwr  la  aqqally 
bafood  arMeUni.  Uailixita  tha  nioal  VMOt  natb- 
odM  la  auMlHf  tbm  prla«tpleii,  hjpolhaaca  and  beta 
of  tba  aetauML  lu  iansiiac*  ik  no  taraa  andlncid, 
and  tiB  afniMCoeiil  «f  maltar  aa  loicleal  In  *•- 
qiM>a<v  IliBt  tn»  ■lii-l<>n<  n»»i'r    ha"  cwnwlon    lo 


oonplaln  th»C  ctiKDilalry  U  a  >iu<l  llvdy.  Huoli 
•ilaatlon  |.  pahl  lo  tixpcTlmcalal  lllflatrailDOa af 
ebainli:al  prLoelpl**  aod  ptianomafia,  and  iha 
mi>deof<Hiii<U».-tlnttA*aaaipanm*nla.  Thabook 
mallUalDa  tha  poalUna  H  ha*  ^wajra  hald  ai  on*  of 
Iha  bMt  maoualit  of  K«>u*>ra1  ^bemlaUr  m  tb*  Baf 
11a  b  lansaai*.— iMrvM  litmt*t,  ftb,  UK 


i 


Luff's  Manual  of  Chemistry.— Just  Ready. 

A  Manual  of  Chemistry.  For  tlicuMofKiiiiientsof  mcdirind.  Rr  .AnrittrR 
'.  LtT»,  JL  D.,  B.  Sc,  I.e«turvr  on  -\Iedicai  Jurisprud.yni"*  an  J  Toxioological  CbetuisUr, 
"  Maty's  llL«piiul  MedioU  Bdiool,  IxrodoD.  In  <.ni.  12ma  roL  of  528  {Mgw,  with  8fl 
ipravings.    Cloth,  $2.00.    See  fli«feni;i'  &riM  o/  Mmitaii,  pa^e  30. 

Greene's  Medical  Chemistry. 

A  Manual  of  Medical  Chemistry.    Korlhe«»*ofStudenU.    Hy  William 

LGitEEjiE, -M.  I'.,  l>eimni.-.!iJtur.ircheiui*iry  in   the   JMical  Depania^ui  ff  tlie  Uoi- 

ity  o{  I'ennBvlvaniit,     In  one  12iui).  vuliinip  of  310  p«gM,  with  "4  Olns.     rlnth,  ll.TA, 


UaBfofiers  i  Ca..  Publiahers.  706.  708  1710  3ai\«om  MrB6^.PU\wi»\v^\a. 


lemistry— (Continued),  pnarma^ 


Vanghan  &  Nory  on  Ptomaines  and  Leacomaines.~2d  Edition. 

Ptomatnes,  IjeuoomaineA  and  Bacterial  Proteids;  or  the  Cbemi- 
oal  Factors  ui  the  Causation  of  Disease.  Ity  Vit-iviH..  Viluha».  1*^.  [', 
M.  !->.,  I'r.ifoMornf  l*li>'i>iiiliJv'inil  am)  I'aihol  vital  >  It^mi^trr,  nod  A«Mv-iat«  ]'rafr«Uir  el 
Thpn>[>4>nliot  Mud  Malirria  Mvdics  Ui  lli«  tTniventtT  uf  Mirliiffnti,  btkI  FkcdKhiiHI  0. 
JJovv,  M.  I*.,  ]mitnj«.'«>r  in  llvKiene  and  i'liy»iijWii.TiI  ClicmUliT-  iii  ibc  Vnivcmtrti 
Michigan.    New  [Mnmil)  edition.   Iiione  hancutome  I2mn.  vol.  of  3(j(ipagc«.    Cloth, titS^ 

Thl*  book  U  ant  thM  Is  of  Iti*  (Tt«t«»t  Impflrl- 1  uid  >«jilurtka.  II  eoBUOni  iDforBiAiloD  ahiek 
Knew,  »M<I  tha  modara  phjriilelaii  «ba  aooapU  !■  not  «ull)r  ob<>lii«d  ■lBii>h»r«,  imii  «hh>h  It 
ba^UiUl  pubolttcr  uojioi  bftV*  m  eonplftte  of  »  kind  Umt  bo  m«dl(ML:  iMak»r  (botiM  t« 
IcDoalailiiaof  (hb  nubjaot  oiiUm  hoha*  cardhitlv  I  wlIhoaL— n*  Awuriatit  JiinonU  nf  it*  Jfi 
P«niMd  It.  T«  tb«  ioxt«>lo|ti>i  t&e  vubjaei  h  j  StitntM,  April,  U03. 
•1tk«  of  (rvt  import,  u  o*)!  a*  m  th«  h^rgidaiiit  I 

Remsen's  Theoretical  Cbemistry.— New  (4th)  Edition. 

Fnnoiples  of  Ttieoretioal  Ciiemistry,  witb  MHKial  reference  lo  tlit 
nitnlion  of  Chemical  Comiwunds.     V.y  Tka  Rku.'skn,  M.  IX,  I'h.  I'.,   I'rofeAot  of  (.In 
iatrj  iu  liie  .John*  Ilopkint  L'niveraity    BalUmore.     t'oiirtii  and  llionjugWjf   rcTued  - 
lion.    In  one  bandtome  ro^sl  Vimo.  TDlume  of  321l>  pujcee.    Clotb,  TIOO. 


Tr>a  fnurlli  ndllinn  or  rraihnmr  Ramnan's  wall- 
knoaii  liiMk  Mtraea  iigaln,  anlarnd  and  r*?la«L 
Eaol)  •illEloo  haiiaDhdiWBd  lla  nraa.  Vfmmtytbj 
withfrut  heklUtlon  tbiil  (t  U  u  ataoitanl  ««rh  oa 
tb*  tliMOTT  of  ahamlnlrr,  not  »ii^tl«il  bdiI  tcaroeljp 
•r]ua1l«d  bjr  an^ctlier  (o  any  Innguaga.    lu  lr^a^ 


liUlon  into  4'iarBiuB  ond  Ic-itliin  uptrnk*  fat  Ittvi- 
iktl^  ponltkiB  iiQd  the  EsUcm  Jo  ahMb  litahtid 
bj  th*  n)o«t  pr«(nineut  i>li«tnt*(a.  Wa  elaim  ta 
UiU  llltla  wotic  u  k.MllDB  pJuM  la  tha  cbMo^d 
litaTnOiraarUila  couDtrr— 7>«  JawrtMM  " 
rf  the  Mtdital  .Scmmam,  Jul]',  ISWt, 


Charles'  Physiological  and  Pathological  Chemistry. 

The  Biements  of  Physiological  and  Pathological  Chemiitry.  A 
ilBiulbook  for  Mvdic&l  StudvnU  nml  i^niLiitioticn.  Conuining  k  ^ticnU  &ooaupt  of 
iCulritioD,  Foodb  umI  Digrstinn,  atul  ilie  Otcuistry  of  lh«  Tinucft,  Ornni,  SmtbUdqi  kad 
ExcretioDB  of  Ub*  Bodr  in  Hmlih  and  in  DiaoM*.  Together  nitli  Int  mstltod*  tat  jft^ 
pwing  or  wpaimting  thvLr  rhief  couttituutts,  u  slao  fcr  Uielr  eiBmiiisiIuD  Id  d«tul,  nd 
•D  Milllne  sjlltbiu  of  %  pnetical  ootirte  of  iiwtntctiou  for  >tud«nt*.  Rr  T.  t'KAjiATOm 
CiURLE?,  M.  p.,  F.  R.  9.,  M.  &,  fiimeriv  AMnUnt  Pnrfeaeor  sod  Demoiutntur  uf  Cbant* 
istnr  and  Chemical  Physio,  Queea'H  College,  B«lfw>L  Id  ooe  bsndsoBM  ocUto  toIubi 
of  463  pages,  with  SS  wnodcuU  and  1  oolortd  pUlc^.    Cloth,  $a.50. 

Itr.  Chulea  li  hill/  Impirnaad  with  tha  Impor-  i  nmadav*.  I>r.  Chailan  bai  davplad  mtic^  TaM 
WoM  and  praetloBl  rt^tit  of  hl»  subject,  and  be  to  ihc  elucldaU«B  at  ufHur  mjnerlen  Ha  Am* 
ha*  traatad  Ulaammpolancand  hulructlra  man-  tbl>  with  nueh  datalt,  and  fat  In  aM»atk«l  mtA 
aar.  We  obbboi  reoommfitd  b  bauar  book  Ihaa  Iniclimhie  Mbbct.  Id  btct,  tbewilBwbaipad 
Iba  praMBI.  In  IWt,  U  flllnaxap  Ininadlcal  taxl>  hUbook  with  cmbv  practical  hlata.^^< 
b»>)i»,  and  Ibai  it  a  iblux  wli]eli  can  rarclr  b*  aald  i  er«,  Daeenbar  m  ItM. 


Hoffmann  and  Powers*  Medicinal  Analysis. 

A  Maoual  of  Chetnioal  AQu.l^sis,.io.>)>|ili#<l  to  the  Extamoetioaof  McdJ- 
cioal  ChenuoUi)  oikI  their  Pre)antioii3.  Beinx  a  Guide  for  the  Deternuitalioa  of  tb«r 
Identity  aiidtttinltiy,  aud  for  the  Detection  oi  Iiupuritiea  and  Adnllcrations.  For  the 
uveof  PharmacJBis,  I'lijaicianft,  DniRX'*'"  <>ii'l  MannfacturiDK  (^eniif^ts,  and  PhanDBceo- 
tical  and  Medical  Stodeota.  V^y  Kitei<KHii-K  IIciitmann,  A.  Si.,  Th-D.. Pullic  AD»l>-»tUi 
the  Slate  of  'Sevr  York,  and  Fkkdi:iiH-"k  ti.  I'oweb.  !*h.  D.,  IVofeMorof  Aonlytical  Lhaa- 
i»lry  \a  the  i'iiilad*l[.hiii  College  of  I'liariuacy.  Third  edilifo,  entirely  rewritten  aad 
much  enlarged,     lo  one  ocuvo  Tolume  of  621  psgCB,  with  ITS  illu£liati«u.    Clulh,  t4JBh 

Parrisb's  Fharmacy.— Fifth  Edition. 

A  Treatise  on  Fharmaoy :  I>eaigned  aeaText-booklorlheSltidBaUMtd  u 
a  Quid*  for  the  PbyBidaa  and  PharBUKeutial.  With  many  Fonuuhe  and  I'retcripliooa 
By  Edwabd  Pakeuu,  lal«  ProfeaMr  oS  liie  Tlieury  and  Prac(i»  of  Phannacy  m  the 
PhtUdelphla  Collf^  <k  Pharmacy.  Fifth  edilinn,  thoroaghly  reristd,  by  TuoiLU  S. 
WlSOAMD,  Fh.  G.  In  one  )iai>lanme  ocUto  volume  of  1093  ))ajte«,  with  1!56  illmtTstUOa 
aoi]i.*-;.00;   leather,  16.00. 

Nulharougb-SDlBcphaitiiacl>lwltlfilll«|'i)*ii*«a  od*  of  MiDibloaUoa  W  concccaad,  oaa  aflard  la 
blcRMlf  of  t»  OMftil  a  ct>l4*  to  pnetlca,  and  n«  laava  thb  wortc  out  of  the  IM  of  tbalr  work*  •! 
ph/ilcl>u  who  propariy  «atliDBla»ltia  taliia  (J  >a    TaTaraace.     TI>a  coBDtiy  Ptartitlooar,  who  BinM 


« 


_ >D  BbaraacM,  wlU  , 

pioyad  by  htm  la  dall^  iwa^Uc*.  a»^hir  a*  thai r    nad'KJadlMiafMaUa.— £«■<*««■    ilmltal    Xmm,\ 


BCconu  kBOWladia  of  iba  ratnodtal  ageBU  an 
plojrad  by  htm  la  dally  jwarllM^.  b»  far  aa  Ibalj 
Bilsclblliiy.coBipBUtDtfy  and  Rir>rieir««UTa matlt- 


alwajB  ba  Ib  a  BBBiiBre  ht 

Had    It    Id 

MBtChSbl 


Ralfe's  Clinical  Chemistry. 

Clinical  Chemistry.    Iiy  Chahlbs  H.  Rxurc,  M.  D.,  F.  R  a  P. 
PhT!<ician    at   the   l^ondoo   I  loaptuL'    Id  one  pookMrolM  ISmo.  voluna  td  S14 
with  Ifl  illua.    Liuip  cloth,  red  edge«,91.S0.    St»  Si»4imU  Strim  if  UamitaU,  fagt'ti. 

L»a  Breih»n  A  Co.,  PublJlhera.  706. 108  L110  SonMm  Vr%«l.(>lM<atfa/pAn. 


,SttUe  &  Kaiscb's  National  Dispensatory.—New  (5th)  EditioB. 

The  National  Dispensatory. 

lJout»inIag  Utv  Nalurml  Hiitory,  C'beiauiirr,  I'liarmBcy,  Actioiu  Kod  ViCf  of  M«dl> 
ioduding  ibofto  reoognUed  in  the  riiumnoopaiM  of  lh«r  Uniud  8tat«8,  Grot 
Tnuio  and  (lermjiRT',  witli  nunwrnais  r*rercnc«>  to  ihc  Frvncli  (Utitix.  lir  Al.mCD 
F^Stilli:.  M.  v.,  LL.U,  I'ru/vmor  Emciitua  of  tli«  Tlivorj  uid  frnctive  r>r  MedR-iasuid  uf 
'CUniciI  Mttlioine  in  the  UniTtniity  f>f  PeniWTlnala,  wad  JoiiK  M.  Maik.ii,  Pliar.  ll., 
I  frof(.'M(>r  of  MaUrU  ^ftdini  anil  llotany  in  PhilndclphU.  ColU-<>^  of  I'hiirauuj,  .S«m- 
<  tar}-  Hi  lilt  AiuertcxQ  Pfaurmiveulioal  AMOciBlioo.  Nwf fifth)  edilioii,r«fuud,  nadt.'Ovcr' 
■inglbfinew  (7.^.  rimnDacopala.  In  one  mig^ficrat  impcrUt  ocUito  Toliime  of  oboiit 
'ITEU  pajrCL  with  xi-mt  S'*-!  alnli 


•InlmraUt  cagnnags.      PivjMiriuy. 


A   PBW   NOTICES   OP   THS    PRBVIOUS    EDITION   ARB   APPENDED. 
The  luulUri  irltti  wtileti  it,  dv%U  an  o(m<  ^itnc-  :  crounlir.     It  I*  bd  vutulvi  that  llluw  b«cotna  Um 

fiE«3<iu4  •Dihoriiy  Ear  boU  Ut*  a»dlttl  aad  p&ftf 
tn&i:viii:<-iU  profemkia,  aail  (h»t  four  mUUoaii  Iut« 
b««a  r«<)ulia4M«ipMX(ta*«oiutaaiUMllBat«w- 
lu  d«ni«nil slnoa ft* llnlapi>«arBiico  in  UTtk  Ttw 
HUM  aald  hM  bMa  itMO  oTor  «i4  ib»  tatImu 
utictaa  ittfi»«d  in   MMOTiUaoB    wiili    iIm    lalaal 


I'deal  •  natnra  Uial  B«lih«r  Hm  pl>;*lclafl  nor  iti« 

EliKiniMnaalliil caa  doiiltli'<utlb«UUBIt«ii-l»uki 
D  lli«iD. «ip*«l«lly  ttioM  ihu «n  M  McnroM  and 
n>a>pf»h«n«iT*iM  Ihlioaa.  Tli«  book  b  la«v«rj' 
WMT  ercdtinbl*  both  (o  tbo  aathoni  aad  U>  ibt  pub- 
n*b«n.— nt  A'tv  r.irit  UaliaU  /ovnMr,  May  31, 

ur. 

TtMatithon  aad  pablUhan  hat*  rMwon  U>  faal 
proud  of  Lhb.  iha  cdmc  e«a)pr«lMulf«.  elikb«rat« 


dawiftpaMM  rMftrtlBC  M*  aitnbutaa  and  i)m»- 
paulleal aetloo Milniga.  Tb* ranadlaa of rocent 
llaefrwy  haw  nsalrad  dua  utMatlaaj—Mantm 


BsdMeumtairorkor  thaklndanrpiistod  in  tbb  1  d/y  Vvficiaf /wto,  Kor.  UffT. 


Malsch's  Materia  Medlca.— New  (5tli)  Editloa. 

A.  Manual  of  Organic  Materia  Sledlca;  BeingaiiutdeloMuemM«dioa 
04  the  Vcif(«tal>l«iiRd  Animal  KingilQtaN.  Furthf  I'liv  ufStiidtfaU,  DruniaU,  PhanuaciaU 
tad  Pbraiciaiu.  Ry  Joiix  M.  MAia^u,  Pilar,  l*^  Pittf.  of  Materia  )Iedt»  and  Uolanjr  in 
the  Ptiiladilphia  <_'ulteg«  of  Pbarmocr.  Xew  (fiHh)  MUtion,  thoroughly  revised.  Id  ona 
my  bandaoow  12io(>.  Tojume  of  544  fmgia,  with  270  tngrarlnga.  Cloth,  93.00, 
~  lot,  •TontDfUMinoaltavaro  crltto.   Tbe  book 


ITbli  U  ■naxc*ll«ti[tnBQQ4l  or  Drsanl':  mbi«na 
Ciadl(fca*ar«klllh«WL.<rk>  tti*CBriiit':iitv(r<>iii  the 
•klllVil  p«D  of  iQcn  a  (UL-coMful  Isachar  as  .'•thn 
H.HalMb.  TI>aMok*ptak>  ArrliatlflnUianoac 
|bnlbt«  lancuaf*.  la  Ih^aditloa  b«lwraiiai>ttl«b 
M  lb*  dftfaoaa  puUlthw)  ivitbin  tbo  coinparaKlTalr 
■bort  Bpaca  nf  aliM  rMua  4aad  thia  ■•  tbo  baat 
■rooC  of  (ha  grut  vatno  ut  ibr  work  ud  tb* 
Iwt  favor  vlth  «blcti  tl  haa  boon  rocalftd  aad 
aoBopia J),  Iha  ortglnal  eooMata  bava  boon  ttaor- 
oOflilf  ravlMd  aad  mueb  good  and  now  maUar 
BaabMDlsoerpofalod.  WoharonoUilasbutprala* 
far ProteaMrHalaeh*s  work.   It  praaaoU  nowMk 


^1: 

furiy  iiiiiitalna  tha  w]d«  aad  wall-aanMd  r«M)l*> 
tion  of  tu  popular  anthor-  In  tlio  ipoeial  Ium  of 
wortcofwhloK  it  tr«kCa  It  i«  Atll*  np  to  th*  mool 
rooant  nbaarTillon*  and  inraallcailoaa.  Altar  a 
varoful  poruaai  of  tha  book,  «•  do  not  IvoalUM  to 
raxwtnmMd  llataoli'ii  JTaruiat  of  Ormme  Materia 
Jferfifs ^ oao  of  tJia  baat,  <f  not  tba  Mit  wo«k  •»■> 
Iho  snbjMt  lhii«  br  pnbilahad.  Ita  naatulnoaa 
oaonot  I 

Ktita.1 

aaaa  a  copr 

Unpt,  IM«amb*r  SI.  IME. 


raiijMt  Mil*  ur  pncitanad.  iia  naaiuinoaa 
at  wall  liodle|>aDaM«itli,andatud*nlf.d/a^ 
,  pharmaebt*  aad  phrwleian*  ahaoid  alt  do*- 
a  copT  uf  aueb  a  «tla«d>lo   book. — Mtdieel 


Edes'  Tberapentics  and  Materia  Hedica. 

A  Text-Book  of  TherapeuliaB  and  Matoria  ModlcB.    lateDd«d  for  tbv 

Use  of  .Sttideota  and  Practitioners.     B;  KciiiESiT  T.  EDt»,  M.  D.,  JaduoQ  FrofcsMr  of 

Utnirsl  Medicine  in  Harvard  Uoivemt'j.     OcUvo,&44  pp.    Cluth,$3.fiO;  leather,  94.£0l 

ItpoaMiBM  alllbe  ca>«ntials  wbtelk  ire  «xp««t   on  harlac  prodncadMfaodaoaa.— >V.  Y.MtiUal 

Id  ■  book  of  li«  kind,tti«h  m  eoaotoaooM,  eiaar-    yoti'ital  P«b.l^UM. 

Dr.  Bdaa' baok  raproMDla  belter  than  anr  older 
book  (lia  ptaMleal  tbarapauUoa  of  lb*  preaast 
daj.   ThobooklaaUMrooftilrprMtlealotte.   The 


.  a  JadlelouB  ctMaificaUon,  nod  >  reaaoa< 
aMadagraaof  dogtnatfam.  Alt  th*  o*wMt  dniga 
of  promlMi  aro  tnalad  of.  Tha  niinJMl  index  at 
lb*  and  «UI  t>*  (bond  rarr  uaefttl.  Wa  haarttly 
eaJDiBtad  lh«  book  aad  omcratalala  lb«  author 


ciaMiBoalloa  of  MowNlieB  haa  rahNoea  to  tbalr 
tb*rap*utle  aeUoo.— /^amoMoliMl  £ra,j4n.l 


Brace's  Materia  Medica  and  Tberapentics.— Fonrth  Edition. 

Materia  Medica  and  Therapeutios.  An  liiiroliKaifn  i"  Kiiucn:il  Trfwt* 
menL  By  J.  SriTcnni-i,  ilFH-cK,  >I.  D.,  F,  K.  t:.  P^  Physidan  and  Lecturer  on  Msttiria 
Mediciit  nuti  Thera|H;iiUai  at  t.'hnriiiir-f.'ruKS  Uoepital,  London.  Fifth  edition.  In  ooe 
ISino.  Tolume  of  591  pa^iea.  Cloth,  91.80.    Se«  Slvimt^  Strut  of  JtanuaU,  page  30. 


Ttae phnntucfUoKj  tajih«iikp«uU«aot«iMihdruc 
Brogi**a«ilhgr*i>t  riila«M,>KidLl)*inilicutl'>it*for 
tta  tailMal  employmMil  la  tb« pnicttcU irFuimeni 
of  dbaaaa  ar*  pofacail  oiiL  Tna  Matarla  Madl^n 
proMT  eoataliu  all  that  It  DMeaMry  br  o  (nodtoal 
Mudaat  lb  kaoir  at  tn*  pr«MOt  day.     Tb*  tAlrd 


part  of  the  book  eonialat  an  o«tlln«  of  K«°*ntl 
thampaiii]''!,  i  net)  of  iba  urmptonii  uf  ttia  body 
iMlag  c^liaD  la  lorn,  and  iba  method*  of  tnal- 
iT)i>Dt  lllDiU.itad.  A  tongihf  aotieeof  abookaovall 
kn««n  U  uuteoaaB«rr^«'dL  Okranuu,  May,  IMI. 


BBEMAXX'S  EXPRBIKE:n-AL  PHARHACOL- 
OOT.  A»Midb«okofM*«li»d»(orni>Wrralnlnt| 
the  Phralolociaat  Wilai  at  Dros*-  TiaaalaUHl, 
vlth  tha  AnUio^a  |>*rmta*lon,  and  wlUi  astan- 
Bl*e  addition*,  liy  R.  If.  aatra,  M.  D.  ismo.. 
IM  i«gaa,  viih  S2  niaatrailoea.    CtoUi,  9i.«a 


aTiLL6*s  rnERiPBimcs  aro  materia 

MK]>ICA.  A  flyiumaila  TraattMonUie  Action 
and  Uaoiof  Madinaal  A|*nUt  taciadiac  Ibalr 
r**aarlptli>a  aed  Blaton.  Fourth  aditlon,  r*> 
TlMd  and  eDtaraad.  lBtir«oeU*eTeliuDe*.eoa- 
lalnlnit  IXXi  p««aia    Cloih, »lOi)» ;  leaUiaT.SII.aa. 


Ue  Brolfttrs  t  Co..  Publithtn.  706,  708  ft  710  Sonmom  Mr««t,  PhUodtVVl^ta 


A  System  of  Practical  Therapeutics 

BY  AHERICAN  AND  FOREIGN  AUTHORS. 
Edited    hy   MOBART  AnORY   HARE.   fl.  D. 

fr^funraf  TWapM""  <»>^  M>Mna  Jfrdira  it  Iht  J^wmm  JVnd^f  Orlltfr  of  PhitadtlpMt. 

la  a.MriMor  oonlritmUooa  bjr  sev«iity.«ightemtReiil  aailiAritin.     ToUirMbm 
CtATO  Toliivn  of  3644  pa^i,  with  434  illuatratioDi.     Price,  per  volume:  Clotli,  SMO; 
iLher,  (6.00;  haXt  Ruaau,  (7.00.    For  nale  liy  Mteriptim  raiy.     Addftm  the  PtMiihtn. 
Full  protpixlu*  free  to  any  aditrtJt  on  af^ieaiicn. 

The  TArlous  Uviiloas  h»ve  li«ea  «Iftbar*w4bv  i  UthtimliBeiitor4l*Mn,M)<)  ftworic  trbictacA- 
mvii  ■•l*ol*d  In  *1aw  of  Ihsic  ipKilal  Stasu.  In  |  tribal**  to  H*  raeoMiifttl  fnaiU(*tn««i  I*  to  b* 
ttvarjr  ou«  itMn  in  vob*  found  kcleMAudcoDcls*;  looked  npoa  m  of  n»  dm  lo  bununlijr.  Um»- 
ilawrtptlan  of  Ih*  <)l'p«w  iiiiilvr  rfinitiliimlion.  .  not  ba  dvoitd  thfti  Uiarkpauifi^  rvwiarowk,  wtMUMr 
«nrr*ip->n>tin«  wltli  il>e  tniHC   [»o«at   ^aj   wll-    thf  lr««iB*at  b«  codBH'I  id  tl)«iii«Taadalnl«m' 

eii|atilUh*tl  rtnva  of  lb*  mub]*nt,  erobTmolag  app"-  lloii  of  drUK>i  oi*  sIIl.itk.I  iU  miirn  «zl«firj«4  Ifplt- 

■IM  pl«lorlkI  lUtlBlrkllona  iili«i«  lh«««  ue  n^HA-  caIIau  U  \h«   mkUt|t«ta«Dl  of  dUeniM,  h>r«  an 

wry.     Id  trwitlng of  Iha  BBiplnymBntof  ramrdiBa  grawlf  muttlplUd  wiihlc  cti*  lait  fi>«7<MraMis 

■n-l    ih»ra|>«Uti«tt]    m«um«fl,  the    irrlt^r--    liaf»  r«ndt<r  tir«rt«u  tnuUet  ol  little  Talur..     II«nik 

bouii  xinK^lTly  happy  In  glilDg  In  a  dal^nllo  naf  will  bo  rauDd  lb*  graial  valno  of  naro'it  ^nnolo- 

the  eiacl  mfrthoda  employed  hud  the  leruIU  ob-  pedic  work,  irlkl«h  froapi  tOK'UvM-wilhlnAafafU 

laln*<l,  tioth  lif  thamaalraa  and  olbar*,  oo  that  ooa  totiai    of    *aliitntiir    111*    mn*t  modwit    0BMb>>4l 

niche  TBBture  with  ooafldenc*  ■•>  una  r«in«d[pn  known  in  the  nituiafc^nieDi  of  iIImam,  ami  ttpb- 
wUn  uhlrh  ))■  wau  pr**1otuly  antlraly  unramlUar.  rlnllr  deal*  irlih  Itnponaot  itibjaow  (<nat«r«h«*- 
Tlif  pia<^llEI'->n»r  fioiild  h»rJlr  dMlT«  *  b.>ol{  oe  slrelj,  wblohoOVldlMt  b«d£.De  to  a  mora  llmUad 
praniiiral  th*rHi>*[iil'aiwtilah  hoaonldMinatilt  villi  '  troaiwe.  Wo  euuot  ootatnand  Bara'a  $)nUm 
molt  liit*ita\  aod  profit.— ro*  AVH  Amwwnt  nf  ptaetitai  TKwtjMufiet  (oo  hUchlTi  It  *lafid« 
^'•irtirtun4'',Ha[>K>mbftr,  Wri,  \  oal  Anrt  and  farsmoat  lu  a  wark  (a  MWtcwnlMl 

The  loope  ofthU  work  In  berond  tliM  of  aiiT  |  *>r  Milhom,  IMc^herii.  aiid  phrAhtiao*.  tbrougbon 

pr«»hTii«  oti"  no  111*  mljjnirt,     Tti»  ^oal.  afl^r  ■!■,     Iha  «ni!il.— B.jT.iJn  .1/,.',  o-.it  .>i.i.;.  j«wr,,  Kli$,  UK 

Hare's  Text-Book  of  Practical  Therapeatics.— New  (3d}  Ed. 

A  Text-Book  of  Practical  Therapouttos:  Wiih  E-pi-Hal  Kefereowlo 

tll8  A))|]licflti(m  of  K<'iu<,ilial  ML-a-Hureti  l»  Miteaw  Mtd  tfaeir  Eiii[i]ovnicnt  upon  a  Ratiaot] 

BMi*    Hy  HonAnr  A«onY  Hark,  N(.  IX.  Pmfesfc-w  of  Therftixsitic*  .ii>.!  ^Litcrin  M«<&ca 

in  the  .ti?flvtiii.in  Mo(!ii'»l  <'(>Ueue  of  niilitlel[iliia;  Set',  of  ConvMiti'm  for  Rpviuon  of  U.  S. 

riiarniacopu-U  o(  MSVi.     Wllh  iped&l  chnfflen  bv  Dies.  O.  E.  i>e  tkniwEismc,  Edvtahd 

Martin,  J.  IIowA»n  Rbevbs  taiA  Barton  C.  hirst.    New  (3<1i  mA  raviaed  «ditioo. 

lu  unt  octavo  vulunw  of  689  p«cw.    ClvUi,  |S.76 ;  loutlior,  %\.lb.    Jiut  MtaJf. 
Wo  At»d  harodlrooiloaalbctlieiiwortliodrasi  I  dlrooHaaa  for  tba  moat  appravvd  lr*oUn*nt.   Tha 

«fUM  inatr>a«tillnirMlmiUoiL.ndilta  Tory  Ibi-    ' 

oat  roaiilta  oUolnod  In  U>e  Iraaitnanl  ot  dUeaae  bjr 

itiffM  nowtr  rVBodhia.    Th»r«  Is  bIm  a  llx  uf 

4ru(*amnc»d  aoconlUa  to  Ihcit  pbjalotoglcal 
,  MUoo,  and  a  lliiofdoflolllgu  of  the  Mrmt  uiod  lo 
f  daalgnato  claanaa  of  drag*,    to  a  word,  thi«  biMk 

1>  %  utixu*  on    dnn*    wai   othor    rtmtduu 

neaiwraa,  wllh  aapoelal  refbrm'^  to  Iholr  prard. 

Ml  UM* :  And  a  M  a  inub*  vo  difwa a.  wttn  fall 


book  oloaw  with  a  inbla  of  da*M  nnd  an  indoi  ef 

dlnaaaaa   aod   rotuodioa.     Thar*   at*   aoto*  bookl 

ttiat  the  KiudflBt  and  pnMltioa^T  atlka  woold  4» 
wall  to  purchaaa;  tliar*  ai«  other*  \hpj  mvm 
haT«  To  tiiU  lUMr  Ctaat  botoaf  Uto  loxi-lyiok* 
oD  pnetleal  tharapaallo*.  CarCatBlj  nan*  can  }m 
fotiad  «ltb«r  nwTfl  prnoilfikl  ornora  CMoplautbtt 
lh|a.-n«  JVoMoaoTVaAMl  Kn^Ma,  PolvwMT  3,  j 
ItM.  ' 


BnmtOQ's  Therapeutics  and  materia  Medica.— Third  Ed. 

A  Toxt-Book  of  PharmaooloK?,  Therapeutic*  and  MAUrlt 
Medica:  Tty  T.  I.Arj.KU  iimxTos,  M.lv.  1>S:„  1  H.^..  IMI.C.P.  Ijcctunr  oa 
Materia  Mwliot  ildiI  Tlicru(:«u[k«  itSt.  Btirtbuloiucw'g  IloepUal,  Loodon,  etc  Inclii>lin|[ 
the  Phumiu-j,  the  Phyilolagical  Action  nud  the  Therapeuiiod  Vft%  of  Pnupi. 
Adn{)t«d  toUi*  n. ^  PhAnn«oopa>!s  bv  Fkaxci8  11.  Wiujams,  H.  D..  of  Harrnnl  Untf- 
Mcd.  School.  Third  t>ditK>n.  Ocuvo,  1305  t»g;n,  230  illiu.  Leaiher,  SA-AO. 
No  vordaof  praUo  aia  naadad  (ai  ilila  niHk.fof    mado  to  variout  dlroolloaa  la  tboart  of  Uwnvw- 


It  bv  alreodr  epoken  for  umII  Id  fom*r  edltfain* 
II  wa*  by  anaBlmoD"  ooDaonc  pla^od  amooK  iba 
foronoM  Mok«  on  Ui«  aubloet  ertr  pnUlabad  tn 
aDylwogMaa,alid(hobo(MrUUkDowDaiid«iudl«d 
tha  ra<ir«  &tktily  11  U  apprvcUlcd.  The  praienl 
•dltliwi  oonlolna  miieh  n*v  maitar,  t^tc  liiMrtloo 
ot  which  ha>  head  neorullaled  by  lh»  »Jr»ne«» 


lo.  and  It  Mw  aloftda  uannilloil  In  Ua  UMmdjf 
•civQ  il  Be  ptoaanlAiloB  of  tha  moJaa  a(  drat  oaWK 
No  ooo  who  wlahok  to  bo  fnllf  ao  to  tbo  Unas  In 
iht>  Dclaiwe  oon  aRotd  lo  noglecl  tho  aladr  ol  Dr. 
BniaUKi'*  work.  T)io  lodi*t»  ar«>  oieallrat,  Mkd 
add  not  a  llttla  to  tli*  prnellQa)  Tkia*  of  tha  bosk. 
— ifniiri.'  Riti-M.  May  S&,  IMS. 


Farqaharson's  Therapeutics  and  Materia  Medica.— 4tli  Ed. 

A  Ouida  to  Therapeutics  and  Materia  Medica.  Pt  IIobebt  Fa  a- 
quuAJWOS,  M.  !>.,  K.  K.  C 1'.,  LL.  D.,  Leciurer  on  ilutOTin  3l«dk*  at  H.  Man's  U(«pt> 
iiil  Medical  Sduml,  I.,ondDa.  Fourth  American,  tma  the  fbttrtfa  Eoglitn  «dHkB. 
KaUrg«<1  uid  «la[>tMl  to  Qi«  U.  B.  PlutmuoopoeiA.  B7'  pKAinc  WoQDBiniT,  M.  D»  Pr»- 
f«-«or  of  Mnlaria  Medica  nud  TherepeuLic*  and  CUeLcal  U«tidne  to  tiic  3iiadlco<!ht- 
nirgiral  College  of  Philadelphia.  In  one  hutdnuM  ISdkIl  vol.  of  581  p^  Qotb,  VZJMi 
)ifna*wrr*ptl«bor«nr4*da>thenmrtino4»ra  ffffripln  af  will  la  nfrfiiililarln  ill  nnn  affliiM  b«t 
work  of  IU  kiad.  II  I*  cmmIm,  rot  oomplolo.  lmpaTlaiitn«wdni«,ltbocaa>aainfkalaattalat«i* 
OoBtaiBlni  aa  acoouat  of  all  nmodtoa  thai  havo  |  dhpaataty.  ilM»t  Mttmt  .fiwi^afc  Jaao,  tan. 
a  plaee  InTbo  BrttWi  and  Ualtad  Btatoa  Pharm»>  | 


• 


Ua  8roih»r$  ft  Co..  Pu61i*Ji«r*,  70ff,  709  4  7rtf  ttintwif  9ir*ft.  HJMtl^Ma. 
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Flint's  Practice  of  Medicine.— Sixth  EditloiL 

A.  TreatiM  oa  xhm  Prinrnploa  and  Praotico  of  MedioiDe.  Dc^gBcd 
C>r  the  nw  of  Sludrau  lod  Pnctitiooen  of  Uedicjne.  Bj  At^ns  Flist.  M.  I)^  LL.  I), 
Pnfcnor  of  the  Prutdpiev  and  Practicw  of  Medinnc,  and  of  Cliiikftl  Mrdictoe  io  Bdl*- 
Toe  Honiul  Mtdkd  Oolkgi^  N.  Y.  Stztb  wiiiioo,  Ibaraagfalj  nriMd  mad  rvvrluca 
bf  tk«  Aolhw,  Mrialed  M*  WlLLUV  H.  Wklcb,  U.  D-  Profiwior  of  PMbotogr, 
JofcpB  Hnkia*  Unirenitr.  Baltukon^  w>d  Avwmt  Flixt,  Jb^  M.  D,  LU  D^  Piaftwcr 
of  PlijndoMtT,  B«U«TDe  H<aqph4l  Madial  College.  N.  Y.  In  oim  ntj  htnAaooM  octavo 
TOhime  of  Il60[»gn,  «^tkilliiaDatioD&    Cloth,  •S.^O ;  lektlier,  f&Sa 


KoMit-bMk  «•  tiM  prtaeiplM  and  pimUm  mt 
M»4U]«*  bM  **«r  IBM  IB  Ibla  eo«Blf7  «ttk  •neb 
■MMml  iBfratal  bv  HMdloiI  MdAmM  aad  pnod- 
HaawM  £•  wortt  rf  FwfcuBr  rtot.  taaUOn 
wJleri  BoUiawa*  tb«  DklMd Smh n  If  tM*- 
MriM  »arii  nM  PraMlM;  •ttd.aawchMBMatad 
teAM  IB  BUBdlBg  M  K,  ttara  to  u  Mbfr  ntdMal 
wotkthalflulwMfWMnllylMBd   In  th«  llbta- 


1b     ttUy,  taWB,  TllIkM, 


«r  «■  MBM  mow  icila,  li 
mak*  Ihla  MBM»«ai  w  B 


wren  atoU  ud  urrturr 

bo»k  tkU«nib*iBaai  likaiy 
id  bB  Imb4  ta  ihaT attee  ol  k  mttdkal  UBB.  vkMlMr 


riM  of  phrMelBiM. 

•f  ihtovaMVOBBVyiteboBk  tkU«nib*iBaai  likaiy 


dai)MBdlyb«n«r4BdaBhtrU  NfnauilBi  A* 
pt— pi  lUU*  of  lb*  adaaa*  «f  ■■■nlhlitB.  IM  (b 

r*a*ctiiig  th«  Titw*  or  uwM  «ii»  «zBai|kUfr  >■ 

tfa^r  pnciMi*  tba  prHani  aun  of  gvwrBHof  bmA- 
IgbI  BTt— ObMimMh  MatitmlK^n. OH. in&. 


Bristowe's  Practice  of  Medicine.— Seventh  Edition. 

A  Tr«ati8«  OD  th«  Scteoce  and  Practice  of  UediolBd.  B7  Johs 
Ster  Baitnwwt  >I,  r».,  I.L  !>.,  K.  R.  A,  Senior  l'hT»<;>'">  »  uxl  Lecmi«r  on  Medicla* 
■I  St.  TboiQBs'  Hospitjd,  Loadoa.    Sereoth  editioa.    Id  oim  lufjt  ocdTo  Tolamc  of  1SS& 

lugcB.  ct.tii,$e.50;i«uiMT,97xa 


Hartsliome's  Essentials  of  Practice.— Fittli  Edition. 

Easentiala  of  the  Principles  and  Practice  of  Medicine.  AHaodbook 
fw  Buidentii  Bail  PrartiiioMM,  II7  Heskv  H-kBi>!!oESE.  51.  I>.,  1.1*  I).,  \Mie\j  PrafeMor 
of  MTj^ii-ne  io  iliB  CnivBisitf  of  VBOtu^iruiiA.  Yifiit  aditian,  tfaorouglilf  ivYiMd  mad 
nwri'itca.  Id  vqc  ISido.  «o1.  of  668  jncw,  nilb  144  Uluo.  CloUi,  $2.73 ;  half  Icathw,  ¥3. 
WUUb  Um  BOBpaM  «f  mo  Mgaa  It  b«ala  oTUm  1  abaMsrB*M«c«or  actiu]  pnotloal  Iralmmt  iban 
AMSCT  «f  mBAlewh  MMnl  i-ilifilip,  wwnl  ' 
RrspMnBM4|T.au  pferifcal  dliciiaaS(fB«ladlBK 


latTBBOMMpa,  ofMUtDMomw.  ■««.>,  (MBral  UlBr- 
oMitMa,  Ba*Mog7,iad  iiiii  ftl pBthwgp  aod  pri» 

«aBl»llMd  la  thl>  worii.  ukI  tl  la  oo*  of  Iba  bc>i 
0(  h*  klad  Ibal  *•  ban  •md.— Otuvcw  Mtdtml 
JWpmiI,  Ko«.  UR. 
ABln4lip«iuabiab(Mk.    IlB««rit«T*r  axhIblMd 


tUtaoB*;  aiKl  probBblrnoi  «&•  irrttar  is  our  d^ 
IimI  >  UlUr  OBpaftanfty  than  t>r.  Ha     ' 
roDdraMni  all  tba  yiirmu  of  anlBMI  | 


luid  a  Mlar  ofpartanny  than  t>r.  Hartahoras  tot 
kl)  tba  Tt»«B  of  anlBMI  mrtiUonan 
iDUi  a  Umb.  na  nunMCOB*  UlnaliBUOB*  will  b« 
T<>r7  iiwrii]  IB  MtnilvBla  ■apualiBy.  Tbaaa  timm»- 
ilala  KT*  [»«•*  lalaafata  Ib  •iTorilai  Iba  bbbbi  Iv 
•nr  Ma  (l*a«B  Dm  wbol*  tltaratiua  of  ia]r  JIttMfc 
aad  Uw  mo**  ■alnaWBtraatiBBnt.— CMmm  ifadiual 
/oanMl  MMl  AnniMr,  April,  tm. 


Reynolds'  System  of  Medicine. 

A  SvBtem  of  Medicioe.  B7  J.Ki'»i;Bu.RtnrROLi)fi,M.D.,PrafiBorofUu 
Ptim-iplM  miJ  ?nu.-U*x'  uf  Meditiii^  io  L'utrGr<it7  (.bllege,  Loodoa.  With  noba  aad 
wMiliuwbT  Hi:!iBT  HAimHOKite,  A.  M.,  M.  V-,  lat«  IVofcwor  of  H^gwae  in  th«  Uni* 
TemitT  of  PentujWaaiA.  In  lhr«e  larfC  utd  baodaarae  ocum  TolumcB,  antalaiof  S(kfi6 
doubte-ujliin)n«d  cv**,  **'>tb  317  iUuatratiotw.  Pri(«  Mr  Tolume,  doth,  fS.00;  At&p, 
96.00;  baU  RoMb.  rmiaed  taoda*  MM.  Per  act,  clotb,  |16.Q0;  i«atii«r,  918.00;  b^f 
Boida,  tl9M,    Soldoidyiy  miaeHpUtm. 


Cohen's  Applied  Therapentics. 

A  Handbook  of  Applied  Therapentics.  BelngaStudjof  PriodplM 
Applicabl*  and  an  Exposition  of  Methodn  EmiJofCid  U>  tba  Managvaant  of  tha  Sick, 
BfSoLOHOji  80LI8  CoiiBN.  M.I>..  ProfcMor  of  Clinical  M«dkia«  and  Apt^ied  Tbem- 
pfrutica  ID  the  Philadcl|4iiB  PoiTolinic.   Io  one  larfc  ISooou  to).,  with  llliia.   htparim^. 


TTaTMITS  lectures  on  the  PB1XCIPLE8 
AND  PaACriCE  OP  PHTBtC.  Prem  tha  flflb 
Eagltoli  Bdition.  EdtiBil  >Ub  addlflon*.  aad  igo 
llla*ttalkiB*,b7  Btm  Uaamwaxs.  A.M.,  M.D., 
laU  Ptofcaaor  vf  H^gtaBe  la  Iba  UaltvrattT  M 
PanojnrlTaalfc  la  **»  lanca  oc<a*a  TOtainaa  of 
IBWNKaa.    Cl0Ui,|O.oo:  tMUbar,  911.00. 

TLISTON  PHTHI8W;  ITS  MdKBin  ANAT- 
OMY. ETIOLOGX,  8TMPT03IATJC  EVENTS 
AND  (XIMPMOATIONS,  FATALITY  ANU 
PE0GN0BI8.  TEtCATNENT  AMD  PHTSICAL 
DIAONOSIS:  ta  aaarlMOfCtinlealSiiMtta*.  la 
OB*  o«U*«  Toliiiiia  at  Mt  pMcaa.    CloUi,IUO. 

PMNTS  PBAfirirAL  TREATISE  OKTRB 
DUON08I9.  PATHOLOGY  AND  TBBATUBNT 


k 


OP  P18BA8ES  OF  TBK  HBABT.  Saeoiid  r«- 
vUtd  and  anlaixad  adlUoo.  la  oa*  octaro  «ob 
uoaaof  MOiMB*,«ltha_plalB,  Clocbjt. 
FLINTS  RSrfATsbN  OOltaBSVATIVS  JfSDI- 
CINE  AND  KINDSSD  TOPICS.  la  oaa  vary 
haadaotDa  royal    ttnaix  volama    of  tlO    raiaa 

k  TREA^Wa  OH  rSVER.  By  R«i»t  D.  Lkm, 
K  c^    )iiBaB«M.T«i.9r3MBp.  cioib,|aM. 

LBCTURBS  Ml  THK  STUDY  OK  PRVKB.  By 
A.  Htmox,  M.  D.,  M.  R.  I.  A.  In  oaa  «eta*« 
aolniaa  of  ans  iMkcea.    Cloth.  t>fta 

L*  BOCHB  on  YSLlow  fever.  In  lia  BlMort- 
eal,  P>lbolMtlrBl„  Btlcdoglcial  anil  TbwauratlEal 
BatalloBa.  Two««a*o*otii.,lMS|^    aoLb.fT.uO. 


£m  Srothtn  i  Co..  PubliiMtrs.  708.  70S  1  7tO  Sonum  Strt«t ., n»ta&«^\>^«- 


Lyman's  Practice  o!  Medicine. 

JPrinciplos  and  Practice  of  Hodicine.  For  the  Um  oT  Hadiol 
"  cliiinnera  it*  IIkkkv  M.  LyHax,  M.IJ.,  ProffiMor  of  ihc  Priaclptv 
_  ieiiiaoe,  Riuli  Modioli  CoUevc,  Ohicigo.  In  one  verr  luuidaom*  urU*o 
ipigM,  with  170  ilttutratlAOfl.    Clotli,  S4.7G;  leather,  |5.76. 


Imkei 


Thl*  1«  to  «XMll»at  trtatlM  on  tb*  pncite*  of 
in*illrlii«,  wHttou  bjr  oiM  wbtt  U  oat  only  hmlllar 
with  liU*ub]««LbUirh«&Mkltal«viM4tbnMKti 
rruiilcal  aipMiMto*  la  loMibtDf,  «Ii*I  W  l&a 
■Mdi  or  Um  ■UidMl.Md  hO«  M  prwaat  tha  bel> 
Id  hi*  iDlttd  In  (h«  RMMl  ra»d)lf  ■ailmlWile  rorni , 
AltkMWh  Um  book  oouUIm  otw  aU*  btindr*d 
MC**!  IBM*  taa*  baan  ao  «paaa  wMAad  by  uaelaaa 
liUtoriMl  HMVi.  prAleiHciil  dLKUwIra*  on  li*- 
hMMila  to^ik,  or  "fiAdillnK"  ot  maj  kind.  Each 
■vb^Ml  1*  Mkan  lip  In  orAr,  tmiad  «l«nrt/  lint 
hrUfly.  »nJdli>ni)a»d  oben  all  hnabaan  Mid  thkl 
nMd  bt  Mid  In  order  tc  Kl*e  Dm  rMntarn  cloui- 
«u(  pictiu*  of  iha  diUMB  ondar  dlacua^a.  Tb« 
Madrr  li  uAl  eoafluad  bf  hn«lu|«MaM*dl»  klm 
a  rarlaifof  dlArant  iBMbiid»ariranUitaDt,aBirag 
whlehbel«l«nu>ebooMtb»oB*mM((as7oraxa- 
vullon,  but  lb*  aothor  daaeribea  Iha  ooa  irhirh  [■>, 
In  hln  JudpnaDl,  tba  bMt.    ThUl^wi  lifboiild  ba. 

The  Tear-Book  of  Treatment  for  1893. 

k,  Comprobeiuivd  and  Critical  Baview  for  Praotttioaers  of  Kedi- 
cine  and  Surgery.    In  trtic  12mo.  toI.  of  dOl  pajiei>.    Cltuli,  tl.50. 

,*«  Kor  specul  oocnmiilationa  with  periiMlicsIa  tee  I<ia(Cd  1  luul  2. 

'I'he  VenrlMok  of  TTMtoignt  fcr  tttS  *«*IIt  [  npcotloa.    Anong  ae  muBb  that  Iv  axmllHt  «m 

rnnnnnUi 


Wlial  th«  •ludanl  ihoatd  ba  twijtkt  I*  th*  MM 
CQodl  sfproTMl  matbod  of  iraaUfMnt  Wa  bam 
•Mkan  of  Iha  work  m  nam  for  Um  aiodtat,  aM 
Ifila  b«e*UM  tba  author  onoiptoa  ao  prMulwat  • 
poattloD  a*  0  (aaefavr,  hot  w»  iroald  not  h«  «Ddai- 
stood  thill  it  La  adapted  onlj  for  ■tudasln.  That* 
UmaajaprMUiiaaararionyanra'  orsora*^^ 
Ina,  kIm  baa  baan  uaaUa  to  loltow  (h«  pout  ml 
noraneaa  mud*  in  nwdleal  •otoBon,  to  trliaat  lUi 
work  villboof  croMnaa.  Ho  trill  Bd4  bnvaMb 
■nbjMt  proMDMd  la  lu  Vntwi  umM,  utd  Oftlr 
•iHA  thoorloa  Biaotloned  ■«  h«T«  baMo«Dara1lj 
neeapted  bf  th«  highoti  aulhorltlaa.  TK»praeit 
oal  and  btkiy  man  wbo  nranta  lo  aj«anala  In  a 
•hott  ttna  nil  iha  oaoaatiy  Ueta  nadMnmlu  (h* 
Mlholoijr  or  trontmant  of  mtj  diawaaa,  vtllAari 
wra  a  into  nod  waTonlCNl  gald*.— JMMal  IC«>- 
of<Oclobn-SlUU. 


bolib  >u  adrancAd  plaoa  amonc  tba  Buojr 
nod  nbttnol*  (bnulDt  fo  markod  a  ni 
iDOdan  nadlcnl  lltMnuiraL 


.'•uiiro  of 
„   _     _  IlapacaaglToaorltl* 

ni  and  ir*li-«rmK«d  ravlaw  of  IM  tiaat  that  th« 

f«nr  bM  brnughl  fortii  Id  nil  dapnrtwaola  of  IhMF. 


dan  ■cafoaly  dtooaa.  OoRnnandaWo  failure*  ■*■ 
tho  Sammttff  of  Thafnp«m»c*  and  Um  SolMttd 
LM  of  Now  Boofca  I'tiora  la  aa  aaoal  a  nod 
Indolent  JTodltol  St<n.  Maya^  IM3. 


The  Tear-Books  of  Treatment  for  1891  and  1892. 

lilui.iti.,  i^%  r^R*"-'-     '  '"'''r  fi-'^'"  i-.'-f)-. 

The  Tear-Books  of  Treatment  for  1888 

similar  to  above.     12ido,  820-341  pagiB. 


and  1887. 

Ctotb,  11.25  aacb. 


For  Sale  by  Subaeriptton  Onlfi. 

A  System  of  Practical  Medicine 

BY  AMERICAS  AUTHORS. 

Editbd  bx  WILUAM   PEPPEIl,  M.  D.,  hh.  D.» 

ra070«r  AND  rtuiPBitOR  or  -thk  thborv  ano  rtukcncw.  or  xBDiciirB  ahd 

CtimOAt.  MRDICmiC  IS  THB  tntrrsiWlTT  or  PERKFVtVAltlA- 

Titt  eompUu  norJt,  in^M  ratniacL  coiUaiiutijf  667S  jMjpn^  wUA  198  tUtMlniltMM,  u  aotr 
/VtMperRrfuiiK,etolA,96;  balA<r,  96;  W/. 


■  •  Ttiil.TaaHalrllirtnftlTtljr  Imr rlran  MnTlf  nn 
Iha  pn>elfoa  of  inadlclaa,  anit,  tn<Ii>*>i,  ih*  nupar- 
lallTB  adjectlaa  would  not  bt  InnpproprlnM  worn 
etan  all  othor  produottooa  pltead  In  eompArlaati. 
Ad  asaml nation  of  tho  flra  volunea  la  raHelont 
to  oonvlnca  ooo  efUia  mncnltiiila  of  ttio  onwr- 

Srlaa.  and  of  tba  miooaaa  which  ha«  attondad  Ua 
iiaimont.-7»«  JfoAinJ  Ao^  Julj  l\m». 
TlinfiaollDgotpiotid  antMutloa  with  which  lb» 
juoerlean  prolMoSofi  **aa  thl^  Ha  ravraaanuUra 
nvataoD  of  practloal  mMlolno  iMoad  bo  tba  medl- 
Bal  woTl^u  ftillT  Ittallllod  by  Iha  pharaewr  of  xim 
work-  Tho  oollro  e*Mo  of  (ho  njiWin  U  Id  ko«b- 
Insinih  Ihaboattboafhtaof  Ui*lMul*r*  and  M- 


'  iiMtJa,  raJwrf  fcoMk  «iJ  ojwi  ktdfc.  17 . 

lower*  of  our  boma  school  of  tnedlciD«.  and  ibo 
tMimhlaatlon  of  (ho  ■rlooLino  atadf  of  duiaa*'  and 
tho  pffaetk*!  appUcatloB  of  «xa«t  and  asporlmon- 
lal  fcoowloilgo  to  tho  troalmont  of  humoji  nal. 
adtao,  nakoa  ortnr  «••  of  w  aban  la  Um  iMrldo 
that  hna  walootnod  tit.  Pappor^  labon.  ghantad 
of  th*  prolliltT  that  womIoj  Ibo  rtadam  o(  thn 
flvrman  anbool,  Iha  artiolaa  ||!anB  Ihaa*  tnoio 
ftelda  for  all  thai  I*  Tnluabla,  U  la  tb«  ovieeoM  of 
AroarlMo  tamlna,  and  li  Markod  ihroatbovi  by 
tourh  of  tho  atnnty  ladopoadaaca  of  thoacht  and 
«f (flaal  117  thai  )■  a  natlonnl  «bnr«eio#lotto- Toi  ao- 
wb*f«  1^  ihitrr  Ufk  of  ■umIj' of  tho  moat*draaead 
Tlowa  of  iho  d»i.—.V.  C.  M«d.  Am-..  8^  itaik 


Habershon  on  the  Abdomen. 

On  ttie  DiseuHes  or  tho  Abdomeo;    Cbrnpriaiiif  tlioaaaf  tfa«StoBiadi,aod 
other  MrtaoT  die  Alimcntnrr  Cnnal,  (Emphapia,  Cmcaa,  IntaatuMa  aad  ParitaiMan._  Bj 
8.  O.  Hahkr-omon,  M.i>.,  S.-Dior  I'lirsidaa  to  aod  lalo  LcclurcrOD  Principks  ami 
tit-c  of  Mi:!Uidu«  ni  Guv's  Hocpital,  Xx>ndon.    Second  AnMrkan  from  thiia  aolsin 
reriaetl KnglLth edition.  InonehaadmiMOcUTOTal.  of  564  pagia,  with  Ulub  C9MB,it 


m»  vnlaabta  Iraatlao  on  di«o«aaa  of  tha  tloBnooh 
and  ahdflmaa  wilt  bo  foond  a  «Tolop«dln  of  lnlor> 
mattao,  ■pMmoUcally  arma(od,  nn  all  dlavniao  of 
Um  aiUivMitarjr  Uan,  from  tha  movtb  to  (hm 


lUr  pntpoMen  of  aaok  afenptar  t« 
doToted  to  oymptoBi^patfKyiy.  aad  OtwipaaUak 


lea  Bnth»n  A  Co.,  Pubfiiliers.  706. 70S  &.  710  Sanvim  Stf*«t.  ^iMfifhia. 


Practice  of  Hedlcfne,  LXagrnosIs,  H 


I    Vhltla's  Dictionary  of  Treatment 

A  UicxxaoAry  of  TraaTmant  i  or  Ther^pvutio  Index,  inoluding 
Xttdloal  And  8iir|^nl  TbarKWUtios.  By  WitxuM  Wbitu.  M.  L>..  Frafanr 
ofMitcfuMcdiMBOdnMmpeaikihdieQMtn'tCalligs,  BttUuL  ReriMd Bod  iduied 
lo  the  Unitad  SUtM  PlunBSOopws.     la  oo*  •i]tnr«,  odam  toL  of  917  pp.     Qoth,  flkOO. 

neat  KtaaUAo  UmM!»Mil«.  «li*  hm  wi^oUr 

>  tfa*  enf*  Md  nlWol  kte 


Pr.  WmUk  hM,  w«  UlKk,  baaa  ItrMaaM  la  tb» 
MiMMoa  of  a  UU«  Ibr  ht^Mart  vork.    Wa 


la  Iba 


■Mi 


■li«a«r  dMkMrtaaof  Badictaa  am*  UaUaaaatat 
at  watamj;  ba  aovacorMMn*  wHta  ■  diellaaacT 

ef  iwiTiawL  Atiiimiwi  wihawlaaaiiMwa  mKttam.  Dc  WbMk  to  ta  ba  oaatntaMad  naa 
UMiUM^b-bwlHtltpmlhMaa  teba.  ThaaOT-  iha  liiiawUaiaM  aWi  atihiTi  In  1^  iMllialVto 
aial nmui tmammu wa awaajad la iiihlwi  UMi-n<elm>JMiMlAwiM^4pr%MR. 
led  ordar,  Md  tka  lathadi  n»dteJ.  >Bfflc4  Thia  babaofefcrlbabonr  naMvl  pnedUoMr. 
«laHtKaadolUBaMa-bTvUakUMrn«rban«t.  ItlaBoralbaakifeanpaBik  lii««spnauiU>|[aa 
oocMldMad.  Oa«f«(7pag«  w«  Cad^elaaaaadd*- 1  it  doaa  ellaloal  Ibafapanttea  tn  lu  broadaal  xpaat. 
MUad  dMaMoHfar  traaoMnt  wppanad  tar  ika  i  Tba  aaoMa  aHimmaa  aad  of  pwcMaiBl  aoadl- 
aa«bai**paraaa*lMtih««lir«BdaxMa1aMah«bllal|ilMaand«ntftaBaai«  anatwail  alpfeahatleate, 
'lAataamfatamtUmarwwn  vhOa  uadv  M«b  dOa  to  pnMiM<  a  aoMka  yat 
TW  bank  ahowrito    thMMigh  oaaaUaaaUaa  i 


iMtoaM 
gamaaiaj 
Bscaga*- 
rofwCtoh 

«■  JittaaanaHil  la  Iba  anartaBea  af  IM 
-.  Ko  Ji|aa«aiiai  of  nadMaa  haa  baa* 
id.    to  iMax  of  ttteataaa  laaaa  gltaaea^. 


lbaraoeBiB«adattaM«(< 

ata  aiao  mtOmttj  axaoiiaad. 

vUh  BMW,  pntttaal  blua  Md  ■iiiaalliiat,  a«d    aeMytad  iMlteda  ef  maOBaat,  praaad—aa  gam- 

Iba rocagar MaaUilaoar «fl tad tau auaify t»a  <ar*in  balac  •>*■'>  *^  ^^m*  tb*  ■■oMyofwEtoh 

hrip  ha  aa  ollaa  naada  In  iba  toaattaaat  baM  «r  <  baa  ban  daAanaUl 

thoaa  wbo  ara  lit,  ud  ifc«aa  wbo  ««  Bllla^  Atitta   aattwr.    Ko  Jtfaa* 

■am  Una  Um  RMai  aipartoMead  BMnbataaf  Uia  inorad.  4«  luaz  of  Btoataaa  pataaslf__ 
MohaalBa  na»  oaadnllr  aeaanli  lu  paM*  for  Um  Jmiaaai  ed  laa  wart,  and  raadaratafwaoaaaaar. 
pupewoflaaratosahat  Un^traiSnirtliT  ta  1T>I>  boak  will  ba  »f  paat  M»liUaa»  tatba  madj. 
SaSar  thitapSdadnaloBwaala.  Tba  Xta%t>»  nl  praMldoMr.-ruiTaMMl  .iTaN,  April  1«,  ML 
ary  1^  fa  ahon,  Uia  laeardad  eifaatoaea  Ufa  pne 

FoOiergiD's  HandlMMk  of  Treatment- 

The  ProctiiioDor'*   Handbook  of  Treatment;  Or.  The  Prindpl«  of 
lerapeuLua.     f>7  .1.  .Mil^km  FfTiiKK-xLi,  M.  1).,  Edin.,  M.  li.  i'.  P..  IxkkI.,  PhfaietMi 
the  CitT  of  LondoD  iloapital  ^r  E>iK»<<a  of  tbv  Ch««.      Third  adiUoD.      Id  oo«   Bto. 
Volume  of  «6L  pi««.    Cloth.  *3.7S ;  InUier,  $4.76- 

Thit  U  a  woodarfkil  bo^.    If  than  bo  lueb  a    ptijMdaiu.    Tha  [>raetk«l  raliM  of  tha  valaaa  b 

■T«atl7  laeraaaad  bj  tha  IntrodueUon  oi  naay 


Tbird  Edition. 


'  ihu  U  tb*  vort  ta 


praaeripUooa     'HibI  tha   pcoliailoa   aypraetoiaa 
UM  tba  MKbor  baa  BBdart^an  aa  ImpertaM  *ork 


Ibtocaa  **  ttiadiedna  loada  aajT ' 

aeeanpltoh  UUa  taniK.— Fol  Utd.  Moadi^  jQiM,fI. 

Ta  baro ■  daaerlptloo  cf  iba  avvBal  phnlotoffi- ' . _.    --.- 

ail  iwaaaaaa  of  an  acn«  and  af  Iba  nalbodi  cf ,  aad  haa  aemaipllabad  II  I*  •faawD  br  itim  dvtnand 
liaaMDatil  af  lU  mevMd  coadHlau  braogbt ;  forlbtotiUidaAUon.-.v.r.  JfadL./oar^Jonall.-n'. 
iocalbar  In  a  (iDgla  ehaptar,  aad  Iba  lalaUaoa  ,  Wa  do  aol  kno*  ■  mors  laadaUiL  ptaflllaal  aad 
bM««aettta(««ciaanrMMad,aanMlkUtapnn  oaaAil  work  «a  ibo  irBairacai  of  duaaaa.— ^atiito 
a  frwal  rnDT«T]lec>?«  lo  many  Ibaaghlftit  but  Ixik;    STxIteal  nfl  Atrytn!  /rnjrn.if,  Octobar,  UST. 


Flint  on  Anscoltation  and  Percossion— Fiitb  EditioiL 

^k  A.  Monu&l  of  Auscultation  and  PorcuaauiQ;  Of  the  PhjMCAl  IHnsncidlfl 

IX.  X>.,  Pntaaor  ot  the  Friodpl«s  aad  Pnctic«  t>f  Mediciav  la  BeUerua  Huaptul  M*di- 
ckl  College.  N«w  York.  Fifth  editicm.  Edited  bv  James  C.  Wilwjn.  \L  D,,  Lectnrar 
OQ  Ph^val  DU^noais  in  the  JeSenoD  Medical  <^V)1I^«,  PhilaHelphU.  Id  one  Iuik)- 
■onwroril  12BW.ToliuDeof  274p«gai,«ith  13 illustrallooB.  Golh,$1.7-5. 

Ttab  lllUa  book  Ihroac h  iu  *ariMM  adiUaoa  haa 
ptafaaUr  doaa  nora  la  tdnaea  Iba  aelaaea  of 
PbraiHJ  axptofaUaa  of  Ifa*  obeal  Ifaaa  aaj  oUier 
alaattlatloa  npos  tba  ■abiact,  aad  now  in  If  flfib 
•dMMi  H  la  a*  aaar  pai%eA  aa  II  caa  Iw-  The 
n^ldlty  vlih  which  proftoda  adlllani  wor*  ■old 

•fcoa*   now  tliv   pmtir^iioa  nppracliuitd    lli«  tbc>r- 

■Hosser's  Medical  Diagnosis.— Preparing. 
A  Practical  Treatise  on  Medical  Diaguoais.    For  the  Uae  of  Suidento 
knd'Prutitioaen.     iiv  JoifN  It.  .Wunheh,  M.  L>.,  .\sBi»Unl  I'rofcaaor  of  Clinical  MtxIiciiMiy 
Cniverut;  of  Peatu^lnaia,  Philidclpbia.  Id  oae  octavo  toI.  of  alxMjt  AfiO  pp.  Prtparittg. 

Broadbent  on  the  Pnlse. 

ThePulae.  i^  W.  I Li;au^DBOfT,il.  D,,F.R.C.P,Ph7Md«ntoand  Lecturer 
on  Uedidne  at  8u  ilarfi  lloapttal,  Loodun.  In  one  12nto.  Tolume  of  312  pagea. 
Cloth,  $1.7%.     Sec  Serieiaf  ClinunJ  JUmwi/*,  pauntSU. 


oaslinMa  of  Prof.  Pllai**  latattlcallao^  For  ■»• 
daoU  It  1(  cxiwIlanL  Its  valao la  •howo  both  la 
tha  arraacaaMal  of  tha  natorlal  anA  ta  tba  tittr, 
eooolaa  atyla  of  aipraaaioD.  Far  tha  PtaeilUMtar 
li  la  a  raadv  ODaoual  for  rafaraaea.^-Jnnk  Jauri. 
eat  AacMwiwr.  Januai7,  IML 


i 


TA^■NEB■3  JtASUAl,  or  CLINICAL  MEDICINE 
ASD  physical  LIAG.VOSIil  Thlni  Amoftean 
from  Um  MCOfid  tionidon  aditton.  Barlsad  and 
aolargad  by  TiLauar  Pu.  M.D.  In  una  I2ma, 
ToIaKiaor:v:jpr,.  viihlltua.  Clolli,Sl.A0. 
»AV18  CI.IMOaL  LECTtlltES  OH  VARIOUS 
IMPORTANT  MSKaSM.  By  V.  a.  !>*"•, 
M.  D.  KdiM,]  bj  Va^na  B.  Davm,  M.D.  Saoatid 
adltliva.    llnifkmnMiM.    Clolb,*I.n. 

"KfDin  CLINICAL  l^eOTDREB  ON  CRRTAIK 
ACtrTB  DlSRAiiKa.  (n  ona  o«ita*o  voIdib"  of 
Wca^aa.    a«tl».  iMD. 

PLisrs  rRAf-ncAi-   trratwe  ox  the 

PIlYaiUiL  EXPLORATION  OP  TFIE  CHEST 


AND    THR    DlAfl.NOSIS   OF   I1ISEA9E3    AP- 

FECTING    THE    BE8P1KA7VRV    ORiiABS. 

f     Sooond  and  rwrlMtd  adJIka.    in  oam  haadMOia 

oetoVD  Klumfl  of  501  puaa.   CWIi,KSa 
erVBGES'    (STBODUCTIOS  TO  THE  STtTDT 
OF  CLEHICAL  HBDICIKE.    Balngaflnlda  lo 
tha  iDraiUnlloB  at  DUaaa*.    Id  oof  hand^iine 
Itmo,  Totncna  ot  tn  paca*.   Ctodi,  tusa. 
WALSHRON  THE  DBEASEB  OP  TJIE  UBABT 
A>'P  GREAT  VEBBKU.    TbfH  Amarlcao  adk- 
lino.    lal  vDLtT0«4Upp.    CI«t&.e.oa 
ROLI.ANt>^  MEDICAL  NOTES  AKD  RBFLBO- 
I    TloNB.  t  Toi.8ro..pp.4SB.  aotb.ts.ao. 


^00  Bnthtf)  J  Co..  Publishtn.  708.  708  A  710  Sanam  S(r««1.  Ptiila-i^lph'i- 


Bartholow  on  Electricity  in  Hedicine  and  Surgery. — 3d  Ed. 

Uodical  ElOQlriClty.  A  i'ratlual  Trs-AliM:  i.ti  ttie  Aj-jJiciiii.-niil'  Klr-mm? 
to  H«diaDa  him)  Siirg«rr.  U;  KunEKTif  IIvktuoixiiv,  A  M.,  M.  D.,  LI.  .'  > ,  I->[i<-iii '5?ro- 
litssor  of  Miiu-ria  Medics  utd  Goaeral  Tlicnpeulio  in  tUe  Jcirerwii  M.<1.  •  •  II.  i.i  I'ttiW 
delphia,  etc  Third  edition.  InoaeocUro  TOJuineof  3a^  pp.,wtll)  IIQ  illun.  Cloili,  ^SJOi 
VrofMKir  llwtlMiUxr'i  pnetlcMl  iriMlw*  oD  Ui«    lion  la  «lx  yttn,  kad  ih«i  It  h«i  bMn  krM  Mi 


lipfllciklioD  of alncirlciiT  ui  medicine  »ud  BurK^ry, 

LaTioK  r«*en«d  ft  (lilnl  «dlil«a,  Karevly  raqatr«it 

■lelmllnH  notice.     OrlgioKlir  IntendadforiitudpQU 

W«  |>rMtlU*D9n, II  •uinii  by  uniatDR  rh  "  vDlir* 

VRaoqualnUtiice  vllb  ihealomentaaftDesubjfwL" 

Th«  vorU  uipMre  t«  ■>•  (liwd   tpy  lu  eEir*in« 

'  hiekUly  tor  the  uin?  of  Inity  pnetitUman  wboriv 

Eqoir*  h  nld*  in  pn^ticsl  •iMiro-itivnptDtic*..— 

'XcnirfM  Imnul.  JBauuy  H,  IMS. 

TlM  ftet  UiM  ilkl*  wuric  bMrueti«il  lutthirdvdl- 


•iMtrlcllr.dvnoBHinMsltaeteUaMtwMMHiiti 
a  tiractleiil  treadiw  of  iriBd  vatnn  la  Uw  pi 
TIM  (nMi«r  added  to  Um  pfCMBt  tdlUwii  i 
IIm>  rooat  cvoent  wItmus*  In  •lactrlr^  U 
TiMi  lllnirtTaUot)*  kra  ftbUMUnt  uid  el«ar,  i 
work caQaUlut«B*hll,c4«ttr  uvd  <wi>Pta»  i 
w«ll  adapMd  io  UM  MWla  o(  tMtli  aiurf 
finwllUi>Q«r.— n«  iMfaol  ffoM,  Hay  14,1 


Bartholow  on  Cholera.— Jnst  Ready. 

Cholera:  Its  Causea,  SymploniH,  Patbology  ftnd  Tretttmont.    Ely 
KoBEiiTE  Babdiulow,  M.  L>..  LL.  L>.,  Kmerilub  Pnfcwor  ui   Miteriu  Metllcu,  Oeaml 
Therap^iticsandHyKienfl  in  uieJellet^ui  >[e^Urjil(W)(^eof  I'hilailtLpliiu.    In  ooc  ]2mo. 
Tiihniie  of  127  pu^ea,  willi  9  illuilration*.     i'lotlt,  #1-25. 
Tbe  noM  fdraltfle  wovk  oc  chol«r»  •sbint.    pMholocT  ot  Ibe  dlMMO  *i«   4m-Ht>«d  "ff^ 


Rro^iil  v*lri>n]|irati«n*lTa,«onRi>«  biit  Bxpllrll,  it 
ireUa  m«  >>uhl6ct  In  ft  wny  iflluTlMbiit  little  cintl- 
oitin.  Tho  Rloit  laliuhl*  chapter  b>  Ifa*  on*  on 
trenimi-'ut,  ',<hl'i!ti,c«ii«l4«rinii  ih«Author'n  lh#ru- 

MiLtli'ul  oiiiarlaiiea,  suj  th*  Kiaal  ImiicofnmanL 

'  Bi«de  iQ  cT^ili.-*,  la  iBdwd,  ft  oontributiuii  |< 
in«d(onl  lltarMura  irorth*  of  notv  tbma  pwudua 
noUae  -n^  ir.:d>MJ  JtvAutfMfa,  July  U.  UM. 

Tha  author  tiu  neiight  to  icibIm  ■  pranllcal  hoolc 
to   Ute    anikllMI   OOnfttM,    Tb«   «TIDpU>inft    iukI 


iital*  la  ■  hrtaf  an4  eani|ir<i>.. 
ti  choplWi  on  Uie  trtui. 


fill 


<i«*.    Tim 
■"'-*.  tl"» 
th*  propKylaellci  ini!3UiiiT»,  L'l'UWilla* 

itnd  tliA  laU^tt  [bMnpeMllnit  ieipiiioiIi  la  rngua  In 
1  ndti,  Ciimpa  and  Amnf  kta  In*  valiima  l>  vrli- 
ten  In  llvo  author'*  ataai  p(eiM«nt  *tytt,  aiul  aiU 
■Ul'iy  itia  daalr*  of  way  om»  llint  •rl*h»»  to  oMaio 
lli«  icoil  Koenl  lofarmNllon  on  Iko  mlijock— 7^ 
.Vm  ]'.«!:  U»iUal  Jommat,  July  3«.  UN. 


Yeo  on  Food  in  Health  and  Disease. 

Food  ID  Eleftith  auU  Dmoaao-  Ky  f.  IIurxkv  Yeo,  M.I>,  F.B.(Xl*- 
r PrudVsNtrr  vf  (linivnl  Th«rape»ui«  in  KIag*H  College,  Lundini  Iii  ona  ISmo.  rotntu*  M 
'  690  pAgO.    Uloth,  (3.U0.     Set  Seriu  of  ClinieaJ  ManuaU,  pafce  80. 


Pr.Y«0 ■Uppllaa  Id  n oompact  form  DMrly  oil ihftt 
th»nracULioDprr«quJmUi  know  bd  thaiubjeeiof 
dial.   TlMWorlttidlvldtdlDlo  Iwopftrt*— toodin 

,  k«kllh  Bud  food  in  di(«aae.  Or.  Tw»  bna  (atliMwd 
tOftlbor  froin  %i]  <t\ivX9n  an  ImniviH  amoani  of 

'  naefkil  Inrormalloa  within  a  oootptrallTalr  ■mftll 


ccmpue,  u>d  ba  hna  nmiMNd  tad  dIffMHd  kb 
macairlaU  Willi  ikill  fortfaauaanf  tboprvellitonM. 
w«  hnTfl  mMdu  Nm  »  twrnk  wkkb  nuir*  Utai^ 
ouihl*  raatlioa  tha  objaet  (or  «blcfa  It  van  wrUlan 
thu  tbta  llith  work  of  Dr.  Tw.— Arxu*  W«f>Mt 
JbwnMi;  Fob.  •,  ISHi 


Yeo's  Medical  Treatment.— Jnst  Ready. 

A  Manual  of  Mcciical  Treatmei)l  or  Cltoical  TherapeutioB.  By 
I.  ItfBSn-  Yeo,  M.  Il,  F.  11,  C  1*,,  I'luf,  of  Cliiit<:>l  Tli«r»i>euliQ*  in  Kiiijc's  Uoll,,  London. 
In  IKO  I'Jaiii.  volunio  iXHitainioK  I-'^^  l»8>*^  "''''  illmUnnioiW'.     (-^olh,  Sil.50, 

Id  Ibifi  vorit  dtsvat-L-  ts  studied  iwm  the  iiuiidp>iint  of  tix-altnent,  the  rational  iodi- 

caliooa  for  tb«ra[>cutic»  b«ing  reached    tlimtiKh    an  explanalibu  of  lh«  cmuiioo  uid 

phenontenk  of  diMoae,  bikI  th»  nropertim  ami  luotiv  of  anion  of  the  aK^ocies  avaitnhl«  for 

,  cxeninfF  farorable  inllaence.    The  work  i-  rich  in  eeleciiom  of  formiiln-  iwed  1>t  vtll- 

knoKH  physicinnB 

Richardson's  Preventive  Medicine. 

Preventive  Medicine.  Hy  11.  W.  Kkhard«>n.  M.  D., LL. D,  F.  R &,  KeU 
low  of  the  ]^or:tl  Coll.  of  Pbys,,  London.   In  one  Svo.  vol,  ol  7M  pp,  Ctolh,  »4;  leatlm,  S3. 

Thoi-s  !■  perhLifia  oo  ■Untlar  work  wrfUvn   Tor    voholarlr  | th«dlw]aMla«io(ltaasa***JoDaf  dl 
Ibannarki  Diibilc  tbu  eonultu  niek  a cotaploM.    l>compr»b«n«lTa,mMMrljaad  nllr 


t^oltabl*  aniT  [n>lrua<lra  coIIooUod  at  dalit  uood 
>'tba  dlt*M«  MtDBOQ  1«  ib«  rac*,  thalr  orienm 

muavB.  and   Iti*  totaaum  for  tbafr  provanTUia. 

Tb*dMcriplloniiordl»«a«M  an  etav. obaaM ud 


atiraut  with 
tba  lalaM  and  baal  knowladco  oo  tba  MkjMl,  and 
Um  praraDim  nMuarM  adrbwd  ara  aeeorai*, 
oiplblt  and  raliah1ai.^71a4iiiMricaa  J'Mimalo/Ua 
Mtiual  Sti«ttm,  AprU.  UM. 


BCHBEIBER'S  XiMAI.  OF T^V.:  ■  " •  -:     I'V 
MABSAliE  AMI  VnHOIfinAI.  M 
BKCli^K.     l'r>.D>i>'t*a  by   U'.im, 

M,  l>,.  »r  Now  YoTK.      [D   oa«  8tO.  iriiKiufi  .r.    Jit 

pp.,  with  ir  TOBrotlogii. 

BVlhlt  OV  CaOLEIU:  lia  OrlsUi.  BUIorf, 
OaiMUiOn,  SympMma,  I.«*loii*,  i're*t<ntkia  aod 
TnamtBL  Id  ono  haud^oina  iCmo.  *nlum«>  ot 
HI  r*«o«,  with  a  uharl.    Cloth,  tl.iS. 


pAVT-8  TRBATWE  OK  TH  E  FONCTIOlt  OF  DI- 
nEBTION:  It*  IMnordara  and  tlMlr  TrMlnanL 
FroBiib«MaoiMiLo«id^a*<)lllua.  lB»na<wiM« 
votamooriSt  pasoa.    CSblh,  8S.0IL 

BABI..OWS  HA>PAL  OP  THE  PRACTICE  OF  ' 
MEDICINE.    With  additlooi  by  D.  P.  Goaata, 
M.Ii     1  Tol.  tTo.,  pp.  oca.    Cloth.  (!«. 

CRAMhKK-vMANl'tl.OPDIBTANI' ttF.<tlMENl 
I>  HEALTH  /^I>  SICKNKW.    lo  ono  Iim4- 
aocne  ootaio  tolumo  of  MS  pp.    doib,  RTA. 


Ita  BroHi*r$  i  Co.,  Publith^ra.  7Q8,  708  i  7tO  Auiiom  Str»tt.  Philaiielphm. 


Throat,  Nose,  Lungs,  nfnd.  Nerves. 


Seller  on  the  Throat  and  Nose.— New  i4th)  Ed.    Just  Ready. 

A  Handbook  of   Diagnosis   and  Treatment  of   Diaeaaes  ol  tbe 
Tliroftt,   Aose    and    Naso-Fbaryux.     Hy   <.'ari,  Sniiri;,    M.li.,     LiH.tiirer    on 
Ijirjt)p^aco|iy  ill  tlio  rniv^nity  ai~  IVniL-vlvmiia.     New  (4lh>  ediUns.    In  qim  turaJMOi? 
12iiiit.  ruliirue  or -114  ikik««,  wiUi  107  Uli'iKlrntiona  and  2  colored  plate«.     llutli,  $2.2<'>. 
Tbouxb  Uie  wmk  titaa  u  brevliy  t>nd  conctM-    mlim  r*thir  tn«D  Ioms  by  \b^\  bratltj.    Aa«tti«r 

"    "  "  *" '"      '-•----•— ■■     ->---■-     oBHTliiipierliinn  lal1u«niAuad"Arn«ctcUii'irl|ip«." 

The  >li«  ef  ib«  fclum*  it  moat  eosvenlaiii  «ii4 
UiaIioak>mjiklns«xcMlliint.— r^j  A'lu  raril;  Uid^ 

Tba  Ibnrlh  wlUloii  of  Sallvi'i  sdmlrahl*  work 

abtfold  b«  wvmlT  tt«elT«d  br  botb  pMcUtiofMni 

plaivnvui  In  of  iha  )|»aii>i>t  raluii,  aloe*  It  r-utu  uid  •tudanU  m  II  wall  daWrraa.  Tbarn  )■  do 
wldatb«cbairaD<lpt?-«fT«9iiie«hM(,|w««*ntlD|i  apt-dAl  work  of  ItsMi*.  oo  dlwiuM  of  thr  tbroal 
It,  iiKiranT*:,  In  vatl^rrsoc'il,  ruiieliia  iiiiil,  «)i.ii  and  nmn  tliul  mnlalnn  mora  Informntfan,  y at  U  1* 
Ik  »!i:\  men  unntiuJ,  ax«MdltiKlr  rMMlablr  rorm.  M-r»n|t*<l  In  aaeh  i>  con«lM,  comMftt  Ibm  ttau  It 
Oti.iln  uaia  faauita*  Appaiir  In  iltia  ailltfon,  iid<(  of  mrtka*  na  mxca»fi\ngij  huori*  rafaraBna  tmok  tai 
ibc!>e  Ui«  b*n  la  tn<i  «h4t>t*r  oo  tatrn-nnaal  txo-  ,  tiM  busy  pracUtioner  n*  wall  a*  •  K<>od  tasi-teok 
|>  ii'Di*.  irMah,  (bough  brisf,  Infmt  «iiino(ant,aiul  I  for  ttl«  ataitanL— f<K<;t«  Jfa'un' AMarOlliy,  UOa. 


i]aKi,aad  IhooBfa  mucb— -in  fx-i  Btmoac  all— 4hat  !■ 
UiaMetlc*!  bMfaMB  omliU-1.  r«i  therthjr  tb*  work 

ka>  falDad  to  pvaMlral  laliw  and  InMiaBl,     Cnm* 

^l«t«  fo  AH  «xiiau«liTa  M«H  It  c«naiDlr  If  Doi; 

■n<l  TBI  In  n  mora  prarllcat  Mti)*r,aiiil  fiattlP'ilarl/ 
ftoiu  tnr  tnaniieuik  stitOtliKiiui.  Ibt  Ikck  of  eon- 


Browne  on  the  Throat  and  Nose. 

Tlio  Throat  and  Mose  and  Their  Diseases.  Iir  LFxxojt  Ubowitk, 
F.  li.  C.y.,  K.,  Seni'T  llif^kiaii  to  thv  {.'etiUBl  Loodoti  Throji  ami  Kur  tigqiiul. 
Foimti  nniil  «alinv«d  «(lition.  In  one  iinj>eml  ocUtu  volume  of  aknit  750  f'C**)  *'^ 
120  illuatratiotu  i»  colar,  and  'i^^  engr*YiBpon  wooH.     Clotli,  tfl.^J.     ./»•/  rtatly. 

A  notice  o/  tbo  previous  edition  is  sppvndod. 
TliB  bUBUfbl  &ail  T7PJBA]  oolarad  pUl4w  f<ir(ii  ;  Uc«l  Msirbock  on  (llB«uu«t  the  ihnMl  aoit  note 
■  ralMblakndlnitractlva  ■■]■>, (hoaqiialofwhtph    aKtanL     Va  ara  Klad  u>  laarn   Uiac  It  l*   iMing 
le  IMIIO  ba  foand  in  uy  modam  work , t teat itiK    trumUMd tnlo PniLch  kod  G*nnan.— n*  /^(n■l'• 
of  thaaa  aaUatfta.    )tr.  Lannox   Btowna   U  id  ha    eiat  JtfaJidW  Jmraal,  AogaM  1,  IkpO. 
ooBcramlMM  an  haiinic  p(«daead  tba  bast  pnc- 


Toke  on  the  Influence  ol  the  Mind  on  the  Body. 

lUuBtrations  of  the  Influenoe  of  the  Mind  upon  the  Body  in 
Health  and  Disease.  I>e!<t^etl  U)  (?tuci>Iale  the  Action  <if  the  ImagiDation.  "By 
lUsiEi.  1Ia<k  TriCE,  M.il.,  Joint  Authur  of  the  3faoiul  of  I '!.ydio  logical  Meilioiii«, 
etc.  Sew  etiiti'ifl  fhoronjfhtirre^ised  and  r«writteo.  Inone  "ipo.  i^ohinie  of  40"  i-itnes, 
with  2  colored  ]il«l«t.  Cloth,  $3!00. 


Ilia  liDp«aall})aUipanj*atti«aaliitar«atli)gohap>  | 
t«r»  wHboiil  belDfi  cooTiiic-Bd  of  Iha  aiitborS  par^  ' 
frcl  aloc«r1tj>,  InifMilslltjr,  vd  (boTDugb  manUl 
(na^  Dr.  Tiik«  has  «(hlbfl«d  tha  raqulalla 
kmount  or  aclatiillla  tddran  on  all  oqokalon*,  and 
Iha  moraln(rlGBt«lhai>h«aoinanatha  ntorcnrmly 
baa  ha  adharad  to  a  phv>Iologlc«l  and  nUtonal 


laalhod  of  latarpretaUdD.  Ouldad  bjran  enllgbt- 
aned  d«dueUoa,  tb«  atilhor  h^  rttJalmed  for 
aelaooa  ■  meat  tntarnitlag  domain  Is  fayehoiogj. 
prwvloualy  abaadouad  ki  cttarlaUn*  and  omplrlM. 
Thia  book,  well  coocelrad  and  orll  artitaa,  tDam 
ooiatiiaod  li«)>lf  U)  atar?  Ihooablfui  uadanUod- 
lti«^.V«v  rartXadifoJ  /(Hinul,Sa|iMiMbaf  MUl. 


Clonston  on  Mental  Diseases. 

CiiQlcal  IfOOttircB  on  Uontal  Diaeosos.  Tly  Thomas  R.  Ct.or!nYis, 
M.  D.,  I.*rliJr»ron  Mi^nuil  i  »iwai»c»  in  thp  rnivitmity  iit"  i-jli rilmrgli.  Willi  an  Appen. 
dix,  cvnlaining  an  AbstrscL  of  tlio  StKlut*  (if  lli*  Uuilvd  Sutve  and  of  tiie  S«T«nil 
8uie«  unA  Trrrilorin  relating  to  th«  CnslodT  of  tbe  Inaane.  Br  CrnARLiB  F.  FoLeoM, 
H,  D.,  Aa>'t  I'rofctaor  of  Monul  UbiMW,  Mtl.  I>*P-  of  Hurvanl  Vtur.  In  on«  ocUivii 
Tolunw  of  541  pages,  with  el|cbt  lithographic  plates,  lour  of  which  are  colored.  Cloth,  %i. 
iS^Dr.  F»]>om'»  Abtlntt  also  K|iarat(,  in  one  Sro.  vol.  of  106  pages.  Clotli,  f  1^. 
Tba  ilaafrlpllooa  i>f  tha  fliaaaae*  and  ctt*^  are  |  and  dt'tcrtptlont  ){1t«q  v"  to  iht  bracUcal  mail- 
■ttnpla  antl  |>ra<<U<.'>l,  bill  iriia;  and  oiia  mr*  an  na  |  agamaiii  aiid  naraWf  Um  coaaa.    wa  can  haarilljr 


rtMUlbatiliicjr  AfaciKB  tiy  nna  parCactlvfaroillu'.recOiiiiroaiid  It  Co  tbe  nadetit  and  buay  Kenaral 
fram  tUllTotMarTallcin  wlit^  ib« <-*>aa and  dltaaaaaj  praallllonar.  t>r.  Fnlai.m'*  wo.-k  «•"*);  loc [•**•>> 
iMtlaapaaklDf  of.    <>aa  featara  ot  Uia  hook  which '  Iha  valoa  of  Dr.  CloaKton'i  book  tor  iba  Amarlcan 


wmnvndalt  aiehly.  aad  wblch  la  not  lo  b«  foued  iva«lll]a»N'.— JrcAiuw  •>/  Jfaltnn^.Jnna,  IM4. 
la  aoyolhar  wa«k  o«>  meaul  diaaaae*.  la  tbe  blnta  | 


Playlalr  on  Nerve  Prostration  and  Hysteria. 

The  SyBComatic  Troatmom  of  Norvo  Prostration  and  Hysteria, 
I^  W.S.l'LAV?Ai«,  M.Jf,,  I'.l.  (,)■-     Inon.- i:iraft.  Tolumoof  97  pagee.    Cloth,  $1.00. 


BROWNE  OS  Korjcs  REMEDY  IN  KKLAnOS 
TO  THBIUT  txiNHUMPTlON.    In  one  Miaio 
volume  of  )::i  i><><*^  ">ib  *^  lllitatiMlaan,  i  ofi 
wblrb  ara  colored;  and  IT  cli«rt9,    CloUi,  tl JM.      . 

PULLKA  OH  PISEASEa  OP  THR  LtlNiM  AND 
Aia-PASHAGRa  Thair  PalhoiOKy.  PhrMcel  IM- 
aicnOKla,  SyiDploinB  and  TraannaaL  rioni  tha 
aaoocid  and  tatl»d  Bngllah  edition.  In  en* 
odarn  TOltima  of  in  paRa*.    Cloth,  tS.Mi. 

81.AnP.ON  [iimTHKRIA;  lu  Nature  and  Treai- 
BlVOt,  "lib  an  account  of  Iba  HUinry  of  Ita  Pt*- 


ralanoa  In  rarloua  Countrlei.  Bason  d  and  revfaad 
edition.    In  on*  Itno.  roL,  lU  pp.    Ototii,  KM, 

SHITH  OK  OONStJMPTIOIf :  lu  Earlv  aod  lUnw 
dIablsSticaa.    1  vol.  8v&,  SGS  pp.    Cloth.  1^39. 

LA  SOCHBON  PNBUMOMA.  1  rol.  >*«.  of  m 
pagaa.    CloUt.tiuu. 

WILLIAMS  ON  PULMONARY  COHSI;mI^IO>; 
Ita  Nainra,  Varjaitaa  and  Traatmant.  Wltb  aa 
aivalTtlc  of  oaa  thouMod  caMf  u  asanBllfvlu 
duration,   laosasvo.  toI.  ofNa  pp.  Clulb,  Ft.MK 


Lta  Br6ihtra  A  Co.,  PabUafivi.  70$.  708  &  710  Sanaom  SfntX.  9\i\\%A\\^iiA. 


Eiu 


ini 


l9CS5^^9f 


Gray  on  Nervons  and  Rental  Diseases. 

A  Practical   Treatise   od    IforTOiis    and   Mental   DiseaaM. 
LAXDoif  C.iKTKR  <  iRAY.  M.  !>.,  I'rofeMor  of  Disauw  of  th»  Miod  %nA  Nenrou 
ID  tbe  New  York  Polyclinic     In  ua*  vvij  haadsoow  ocUro  Tolumeor  681  n«ffl%widi 
168  Ulostniliaiw.    Cloth,  94.60:  loalhn,  $5.60. 
A  book  that  will  b*  tr«IcoRi*d  bjr  Ui*  taoMj  who  i  Wrnu  ia  Bpp«Bd«d  whUib  wfll  b«  fcand  ■irfli'  ^ 


dMir*  »  rood«ni  Wzt-book  «d  rmtoim  diMUM 
tbU  li>«oinpr«h«D*lv*uidt)nMUe«l,aBdMpMU- 
if  tat!  In  th«  d«ulii  of  tM  mMmMt  or  ihMe 

^ec([ont  l>ijt  Ara  ao  of[«n  mtcUra  of  p»tpt»tUf 
lothfi  Rwer«l  prMittlontr.  Ii  will  M  toaiul,  on 
111  la  kCCDiiol.  u>  ro**(  th«  vKQta  of  »  Urg*  nnmhar 
Mrhap*  bolter  tbu  woald  aaoibar  oqoallr  morl 
torloiitlcitJiDnk  t*«*ftill  Inlblaranrd.  Dr.r.ray 
aUUM  to  hl«  pMr^ee,  ftnd  il  ta  avlMnl  lo  inyaDO 

KrU*liiK  (b«  walk,  thal^aapOfUI  Car*  luu  b**n 
ken  lo  ruAk*  ih»  thprar«uiinl  auKKfaUoa*  nur 


the  atndoiib  TTUla  It  li  hiUadod  m  « (Att'bMk, 
aot  aaaiimluK  anj  apoolAt  kDoalrdgo  oa  lb*  fM 
of  Ko  nadon,  lh«  toIbido  I*  futi  orrslakfato  arii- 
liMl  matUr  IhM  nitilora  It  a  dMlrmbla  aMMoaia 
tbe  Ubrair  of  tha  epodiLlliit  i»  narnaa  Ud  B*aW 
dtuNUM.— jiawrfeaia  Jmir.  of  MmtaJ  Sri.  Fofeu  WH 
A  hlchl*  aBoeaMdil  oKon  t«  0Mid«OM  Mfa  • 
rotiina*  of  raaaoaitbto  alaa  n  pntotioAl  ksMMl* 
of  nerrona  aod  maotid  diaaww.  II  la  a  beat 
■rhtflb  ill*  DMiroloclM  «>n  oodMull  wfUl  IMWM 
■Qd  (uiTnolaira,  aad^odo  wlilelt  wilt  b«  foiiad  )m> 


itetvDtly  lUiallad  and  piicUa  taccrar  Iha  larjrlnit    ilciiUdy  iiM>fUI  lo  tlio  aliideBt  Mad  f  aanJ  aja^ 

UlloBPT  The  larse  ajMoa  vhlcli  UirotuboM  UH 
wofk  baa  baon  flmiD  (o  tba  dlsenaalo*  wT  ayanw 
mstology  Mid  irentmant  wlU  avne  lo  Biaka  H 
Mpiilnr.  aapaoUlly  wKh  Mutr  «rork«n.  I>r.  Qt^ 
book  itIII  lanK  bold  It*  niaco  an  a  aUiitdard  liaialfit 
-Tm  tfMHatl  Jir««M.  Kpta  Us 


alaxoa.  njinptomi  aod  oomtiUMlloBS  of  dlaew*.  M 
i>»n  %3  lo  fiitliiv  (ha  Impciriaot  ladlnailona  afford- 
ej  y.y  ditffreDtial  dlM[iia*lH,"  *nd  that  "onl*  ttat 
Jmawtadg*  titm  Imwd  ndmlttad  to  th«aa;pa0«« 
irlikh  haaaiood  tbe  t^tlorespertenee."  Itaa^le 
If  ettor  aad  ftj  r«adnhla,  and  tha  lllBatmlona  are 
iKimecoii*  bud  exceJtesL    A   (louUT  of  speelal 


.ima. 


Ross  on  Diseases  of  tbe  Nervous  System. 

A  Handbook  on   DlseaBOB  of  Uie   fTervous   87Stem.     Bv  J, 
B(V«,  M.D.,  F.K.  L'.K,  LL.D.,    Senior  .VaBUtant  PhrBician  to  the  Minchester 
iDfirmai;.     In  on*  octATo  vol.  of  735  {Mgea,  with  184  iUiia.    Cloth,  H-^;  l«AUie«-, 


This  admlrabla  <rofk  la  laiandod  tot  atndaDW  of 
BivdlcltiB  andftn  aucll  mvilltal  m-a  mt  liBieniitlma 
for  LenglhjlraatlNa.  Inilie  iirermt  IncUuica  tho 
dstj  or  arranging  Ihe  iimI  <ik>re  <.<r  malrrial  at  ttie 
dbpeaAlof  Iti'K  hallicr.  ani  t-f  ahrldglnK  Iha  da- 
•Oript(<MI  of  [he  rllfTf-riTU  iL<p"C!n  ii(  nenotiB  dio- 


th«  d»parnn«Bt  of  iiMdl«Ui«  of  whkb  It  treaiA 

Dr.  Bcaa  holda  aueh  a  high  aeieatlfl:;  (nillioa  thai 

afij  irrltlDKi  irblcb  bev  bta  name  are  uaiamtlT 
expected  to  haf  a  tbeimproaa  of  k  powwrtu.  Isi^ 
iMk  lo  tmrf  part  Ikia  handbook  mertu  iba 
highest  pralae,  aad  will  no  doab«  b*  ft>aa>i  of  iha 
eM«N  baa  baan  pcrrortnod  wUti  aiaKUtar  f  kill,  and  rraataet  Talnalo  tlia  atoAanl  aa  vail  aa  la  tbopto* 
the  roaolt  la  a  eonelas  and  phlloutdtfcal  guide  (o    ilUoauT.— Stiabwiik  Midtoa I  Jtjm-ntd,  Jkn.  Uff. 

Hamilton  on  Nervous  Diseases.— Second  Edition. 

Nervous  DlBOOSOa;  rinir  l»wcriiitii.n  .luiJ  TrMtiiicDt.  Br  AlOXM  McJiAITK 
1T\Mii.'n)<c.  M.  t>..  \ttoii(IiuK  I'hvEiciAu  at  the  lluepiul  for  Kpik-plToa  mad  'PtLnHjiia, 
BlnckMell's  laUDo,  N.Y.  ti^Honil  edition,  thoroughlT  reriaftd  &»!  rcirritUD.  lu  cne 
oct«TO  folomcof  598  pagoa,  with  72  illiistntiooa.    Cioto,  94.00. 

Wbeo  theBnlcdttlon  oflhlanod  booh  appeared  oharactorlMd  Uili  book  a*  tho  boal  of  tta  Mad  U 
«re  K***  I*  '^i'  emphailo  enauiwmeni,  and  Ihe  any  laagtiac*.  «hlck  la  a  haadaoma  MderaaiDnt 
prE<K>Di  eJltliiit  ■•nlianfiMoar  wpreolallon  i>f  the  frona  ao  eialtod  siwrc*.  Tlie  lniproT«Ria«ita  In  Iha 
hotii  an'l  Iiaauihot  ■*  a  n(S*  KuTda  to  aludeabiaf  new  edition,  and  lUeaddllJona  to  mwlU  jvnUVlU 
fllnii^al  iKiirulify.  Doe  of  Uia  beat  and  moet  purah^  eroti  by  Iboaa  who  poaeeaa  ubom— 
critical  of  EngluTineurolugioalJouraatihBraKtue  .  dU«>M  and  MMP«log4il.Aprtl.im 

Savage  on  Insanity  and  Allied  Neuroses. 

Insanity  and  Allied  Neurosos,  i'liiciicaj  and  CUnioiL  B;  Gbobqk 
U.  gATAQK,  ^).  U,  I'C'ituier  od  .Mental  I>tMa»es  nt  (iiir'n  ] lonital,  Londoo.  In  OM 
lana  Tol.  or  551  pp.,  with  IS  itliia    Colh,  (2.00.    Se«  ^rtet  of  Olinxi^  ifinmali,  p. 

Klein's  Histolofly.— Fourtli  Edition. 

BlementB  of   Hiatolofn^.   Ltv  E.  Klkl\,  M.  I).,  F.B,  S.,  Joini  L«ctorer 
General   AiiaU)iii.v  ami  rhysiotu)^  in  the  Medical  tkbool  of  tiit.  itiu'tholoinew's  Ui»{ta! 
Ijondim.    Fourth  edition.    In  oim  ISmo.  Tolume  ol  371}  pftgee,  with  194  illtM,   limp 
vlotb,fl.>6.    Bw  SHiKfcntf' &rief  0/*  JfoMMit,  piifCe  30. 

i^oiKTlea    maniMr    In     whtcb    It    I*    wrillea,    Um 


nere^H 


The  luce  Dumber  of  editions  through  which 
Dr-  Klein  a  Utile  iwivdbook  of  hlatohwy  haa  run 
aioca  Ua  fiml  iipMafaiioe  Id  UOIa ample atldencn 
that  II  !■  nppreeui*d  by  the  madleal  aludaal  nod 
Ihat  ll  auppllae  a  deDnUv   «nul.    The  deer  aad 


abaenee  of  debatable  oiatter.  of  coaBleUnc  r^am*, 
edded  to  Iba  <Mat«Dlul  alie  of  the  book  and  Oe 
medanW  prlee,  vlll  aBeonnt  far  tie  mdeukM 
■uoceM.— afadtMl  Okronide,  Feb.,  UM. 


Scliater's  Histology.— Third  Edition. 

The  EsBenlials  of  Histology.  Uy  Kuwaiu.  A  Sohaikk,  F.  Rt*.,  JodnU 
I'rofwborof  Phvaiology  in  irniversiij-  troUege,  I-oDdoti.  New  (Uilnl)  cliiiun.  In  ooe 
ocUTo  Toltuae  of  311  paitea,  with  32o  illiutratiuiuu    (Jlolh,  93.00. 


B1.4NDPORU  OK  dSAKITY  AUDITS TRE.\T-'     ABlwUVB  EdWM.    Ic  one   ln;idMia*  oeturc 

MCNT.    Ledtiiea  i>ii  the  Tre*lmeoI,   Uodloal  I      (olumo  nt  SW  pa<r 

nsd  Lvgal,  of   Ininoe  ruieola.    In  (ra«  *«it    PEFPEB'8  8UR0I< 

han<t*>i(nei>rl*rii  Tiiliiin*  I      pocketdlsa  ISino,  ' 

JOSfif  CUlMf*L,  '.'»iiEI{VATIOK*0:f.rD>'C-'     [im.lrailooe,    Umi 


TIO'AL    NKKVOl'S    l>160Rn&.RS.       fleoond  .      Se-mtnl,- SrrtM  uf  Manitu.  frnf:*  30, 


In  ooa 

..«.  wtih  n 


Lttt  Srothtn  A  C^.  Publishers.  706. 108  &  110  finktom  SiP4«f .  PhiiaiielpAia. 


Gibbes'  Practical  Pathology  and  Horbld  Histology. 

I  Practical  Pathology  and  Morbid  Hiatology.    I)t  Hbxka^j:  »  Jhibes, 

II.D.,  rrof<»«rt>f  Pntliulogy  ill  the   UniverBilv  of  MicliiKaii,  MvJIckI  Dcpartneol.     Id 

one  rery  h&nd«om«  8m.  toI.  of  314  pp.,  with  tt0illi».,in(»li7photrtgTBphic.      Clotb,  $2.75. 

Thl*  I*,  ta  pirl.an  •xpaiuloii  of  th«  lIKl*  work    T)j«  work  U  lliroughuut  prafu>*I]rlllaftrnMd  vltti 


MlbU»li»il  bir  the  aalhorMme  r«*»a|t»,»nd  hi*    rtpniwtlitt*  at   mlcra-pliotornphii,      Wa    mu 

iracthMimlvnMeopUtwIII    BMr  thai  tba  prMtlwl  hMologbt  will jnln  mnen 

npttal  InrorraMlon  [ram  thalxiolc— rib  l^Mlvn 


sir*  watKht  to  lili  InstiucUoin. 


IndMd,  in  fal- 

ot  InTMtlitatlii 
■lorbld  lUanea  Ib^brrak  l««T«>k  Hlll«l(i  b«ilo«ir*< 


Of  dlraotiOD*  M  19  tlivmodatDf  ln*Mtlff*ctus 


Ltnttl,  Jftuuarj  13,  IMX 


I 


Abbott's  Bacteriology. 

Tho  Principles  of  Bacteriology:   a  Prmctical   Mkrinal  for  Studeots  and 

Pliv-i'  i'ii>,  l>i-  A.t'.  Abwiit,  M,  D,|  Fir»t  Awlstsnt,  Lahor:)torv  of  llvftieae,  Uatv«n!U' 
of  Ptiu-.-vivuiiiis.  PhiUuielphia.  In  one  i'ltao.  v»I.  or259  pp.,  with  32  illua.  Cloth,  t^LOO. 
To  ta  p«r«iMi  il«>irisg  to  laMrn  Ihe  l«ehi)lqu«  of  Jitdymacil  In  t)i«  ntlertltin  and  arnuigvmonl  at 
iHHMtlDtoiik*!  wotIc,  w*  euiBM  r«oomm*ii4  ur  oi»  auMrlat.  Ttae  ■todaat  who  talTov*  ii  i;iM«lr 
Kotk  oblab  will  bs  mora  aullabl»  tliaii  tlio  nov  «lll  ^i^  In  a  r'^nAMim  to  carry  farwaril  Iha  ■□ik 
tiaror«  UK.  Thf  fxnil  irhleh  c«n  Im  tc<un<1  witli  forlilm>clt  SlodiCklprncttUOnvrfinMnillyoouM 
ni<>(l  '•<  iti*  woiki  *(•  hate  in«t  itllli  on  Ui^<  >iil>-  r»a<l  ih«'  wcirk  with  prnflt,  vopvutalty  tha  ctiaplara 
IML  IF  Chat  tlioj  «rf  too  •sw&dM  [or  Uia  lua  of  K  I  DD  ■urilituWn  aad  duiDfaclloii,  And  l]i«»e  au 
■ludaut  or  ptuciIitoDor  bBginoiDK  the  tubiacl  and  i  lubotFulutln  aad  dlphtil(^rla  In  Um  ■■ooiml  part.— 

J«t  BTfl  DM  ('nlRdeBtty  luv*  to  «llaif  «f  an  •!■  ,  J%4  C^nndtan  /Vaeliilaoir,  Ne«.  \,  1863. 
■nailvii  lr»iltneni-     f'r.  AbbuU  hav  iilKiaii  itrcal  ■ 

Senn's  Surgical  Bacteriology.— Second  Edition. 

Surgical  Bacteriology,    lij  Nicholas  Hekii.  M.  D.,  Ph.  D.,  PiofbNor  Of  .| 

8urgerv  tn  Kiuli  .Mt^dluul  Collejte,  Chicago.     N«vr  (aecoad)  edition.    lu  one  ^ttrftlWlf 
ocUm  of  26Spp.,  with  13  plal«a,  of  whicii  lOareooland,  an<19  engrartnga.  CHolh,  92.00. 

Th«  boob  I*  mllr  •  ■j'«tcm*tloooll«ctlon  In  Ihe  [  raakss  It  poMlM*  f<«<  iha  Imi«)'  |>neUtl>MHr,  wlwM 
moal  QoiiclM  toTiTi  of  ■iicti  rwaulU aaar*  piitillahcd  I  timn  fnr  lawling  la  llmlud  anil  wfiiw*  Hiiurva*  of 
IncTurrvoimedlcklllurMuKlirlbaMMMwotkarv  i  iDfonaaltoa  ar*  »n«*  taw,  ki  tMMcn*  eonranvit 
In  Iht*  n»Idr>f  nurclral  pim||r*iia:  aoil  In  tha**  aiB  |  ■  lUi  tha  moat  mndatn  ami  ailvanead  Idea*  lii  but. 
•ddad  tha  autn^r'a  o'li  vivva  aud  tha  rssulta  of  >  Rkal  |«t)u>)ojcy,  whlvti  h«i«  "laid  Ihv  loandallaa 
lii"L'lliiiiriit»xi'"rlniu-«aiiil<>TfBlli»1  lii»a»tlK»llonn.  fnr  Ifif  wondnrfiil  aclilaicmnnl*  nf  modern  aur. 
Ttia  tcck  la  ralunblc  10  llii-  vluduiii,  but  (to  wliiel  gery."— .i™*o'»  of  Suryery,  Match.  Van. 
talup  Jlf<!<   lu   '.hp    rvl   IIikI  hu^Ii   a  enni|i11allno  I 

Green's  Pathology  and  Morbid  Anatomy.— Seventh  Edition. 

Pathology  and  Uorbid  Anatomy.  \i?  T.  Ht:NttY  Gai^iu.',  M.  D.,  I.ecturer 
on  Pftthijlo)^  uud  ^ioi-bid  Analom}'  &i  (_'hiiring-Cfoae  Hospital  Medical  School,  Looiloiu 
Htxth  American  Trom  th«  MTmlh  rarited  Bngliafa  edition.  Octuro,  689  pigi^  with  167 
ea^raTingB.    Cloth,  (2.75. 


Tb*    fatHMriii' 

OfMu  iNiaovall  kaovo  by  mambera  of  th«  m«di' 

c*1  rri>fH«tl(ia  (i>ii»*<<  itn*  cnmni*iiilNt!i>n.  Thar* 
ta  no&nrtily  an  lnt*lUit«n[  ohynlclan  nnvwhcri^  who 
tia*  iii'l  111*  iiirl;  In  111-  llbraiy  for  tt  l>  alriMiM  ai) 
M4*attal.  Ill  (iwi  It  In  beUM  adapMd  to  ili«  waiila 
of  miMirkT  [iiai'<lllf»ii«iri'  than  any  work  of  Iha  kind 
wia  which  we  »ro  iu!qu&lDt«d.  The  works  of 
OMiriao  BUtbrin  njxjn  iiaitholofiy,  wl.ilch  hara  baaa 


tranalalai)  Into  RnglUh,  *am  too  atwiruaa  for  th* 
phyalctUL  Dr.  GrMU'a  work  nr»clMly  tD««u  hia 
■  ■■has.  Tha  Rutu  aihlblt  Iria  itnpiiiitaii'^at  of 
paUioloitlcal  airu«iur«ii  Jtiat  m  tbcy  ara  •••& 
through  tha  mlcmaciipa,  Tha  ftott  thai  It  U  ao 
Ben«r*lly  amployed  w  » t«x(-t>«ok  by  medleal  •*»■ 
ilanla  (■  aTtdano*  that  «a  ha*a  not  (iifkaii  toa 
much  IQ  lu  (arcr.— CtrwtnMUi  Jf«di««J  Jtm*.  Otit. 
ISM. 


Payne's  General  Pathology. 


A  Manual  of  Oeneral  Pathology.    Deeifrned  u  an  Introduction  to  th« 
Praciiw  gf  Mvilli  iiK'.     I'.y  Joseph  I-'.  P.vyse,  M.  \>.,  V.  R  U.  I'.j  Seoior  AMbtant  Phy*l- 
clan  and  Iicotnri-r  un  Pdtlixlo^-iral  Anatnuij,  bt.  Thomua'  Hospital,  I.ondon.    Octaru  at 
624  pugo,  wttli  1<VJ  illiiairation.-i  and  a  ooluted  plate,     (.'loth,  $3.50. 
KnowlnKi  >■  a  tra^har  and  ataminpt,  iha  azacl    r^al  faotori  In  thoao  dliraaaea  no>  with  taaawnabla 


ae«da of  iiiMll<!aI  ntuJpnU,  Iho  aiiiti>ir  Oa*  In  ii>* 
vork  befora  u*  praparnd  for  thalr  aavactal  tiae 
vhHt  wa  do  not  bealtat*  to  (ay  lath*  bast  lalti>iJiio- 
flea  lo  ■«o«ral  palholog?  that  wo  bav*  yat  «i' 
amlnad.  A  d«|artur*  wMch  uiir  atilhdf  liaa 
takan  U  tb«  griaitr  aiiDbtlon  paid  lo  tbs  raut*- 

lion  of  itl)»iJH'.  aiii  iiiure  »s['00  laity  Wltm  rllntiijl- 


carlalniy  (.icrlbad  to  patliocwnatir  mlnrobea.  la 
tbUdapanmaat  ha  liBit  been  ta<T  full  and  aitdlelt, 
net  only  In  %  ilaarrlnllT*  maonar.  tmi  In  lliv  l««ii- 
nlque  of  iDVaatlgailoa.  The  Appanaix,  gl'lBf 
■n«Uiod>afr«**ar«h,l«aloiM  worth  Ibaprlca  of  Ui« 
book.  aoTeral  tlmea  «T«r,  to  eTOry  ■indaot  ol 
patliology. — St.  lMti»  Ifci. and  S\trg.  Jour., Jvt.'tt, 


Coats'  Treatise  on  Pathology. 


A  Treatise  on  Pathology.  Bj  JoiETn  Coats,  M.i».,  F.F.P.S.,  Palbolo' 
gistto  the  i-'luiBOw  Western  Infirmirv.  In  one  vnj  handRama  ocUTO  Tolum*  of  829 
pMe«,  with  S3»  beautiful  illiiBtmtioDa.    Cloth,  $5.5(f ;  Imther,  {e.-'tO. 

Urdlcal  atudaula  a*  wi>ll  aa  phyalulanii.  wli"  inaaoar,  Iha  cbans«a  rr(>m  a  normal  ooodllloa 
daaira  a  work  for  itttdy  or  retareoee,  that  treat*  i  effeowd  In  atruciarea  by  dlaeaaa^  aod  polnta  oiit 
the  aublacta  lu  the  TarlouvdapartcnaDla  lu  a  tviy  I^o  oharaoCariatlca  of  *ar(oua  marbld  acoaclaa, 
tboroufh  manaer,  bvt  without  prolixity,  win  cer-  to  that  Ibay  caa  be  eaalty  leeoKalaed.  But,  oot 
talntv  glr*  thin  'iqf  Iha  ur«feroai.-a  to  aoy  with  lltnllad  to  morhld  anatomy,  II  aaplaloa  fully  how 
whicn  w*  are  acquatBteif,  II  lala  (enb  tbe  morl  the  fiuiotkiaaaf  organa  are  olaturbed  by  abaormal 
racanl    dlacoiprlan,  oxhlUta,    In   an    IntaraatlDg    ooadtttnuR, — OEMtnnan  ifstioat  .VaiM,  Oe*.  tSU. 


Leo  Btothtrs  &  Co..  Pvbiishtn.  706.  708  A  710  5an«m  Strtel,  Philndat^Ua. 


Roberts*  Blodern  Surgery. 

Tho  PrinciplOA  aad  Praotioo  of  Modem  Surcory.  Far  tfac  oh  i/ 
SUuleiiU  iind  Prac-iiliofKra  of  Medicio*  miK)  Siirgerjr.  Ily  John  B.  K>.>bi:rt%  )L  D.,  ftv 
ttsaoT  at  AaMotay  and  9urg«rT  ia  tb«  I'btladelpbU  PoIycUaic  Professor  of  Uie  Ptiaa- 
pies  Knd  Proeiica  of  Sargcrjr  in  the  WomM'i  Medical  OoUege  of  i'eaoarlnaU.  Lccturv 
ID  Anatomy  in  the  Univenily  of  PentujImnijL  In  otte  verjr  handaoaie  ocUro  tolmu 
of  7S0 |»fr«B,  with  501  iUualnUoa».  Ooth,  $1.50:  lAtlier,  $5.50. 
Thla  it«rk  1*  •  nrj  oixnftrabeiitif«naaa*I  apM 
;«n*ntt  •urKvrj',  and  wllf  doutU«M  n)««i  with  » 
iTVinble  r«t»pUan  by  tiio  profewlOB.      It  h*i  * 


trvtini  i)lthr*rn]ii<licni4int.  It*  coacliislflaa  «f«  la 


ih'/T'i'i%Mf  prMotloal  clmnMuir,  t)Mi  iiibf«o<«  mn 


nron 
luir. 


sec»rd  will)  IlioM  of  ill*  lokdlDB  ptwittilODMa  of 
Iha  art.  kud  tb  llMnlur*  b  fultr  up  U>  All  Utc  kd- 


WiMd  tloMrlBM  aod  OMtbodi  of  pnetlM  ol  tb* 
l>r«»«nt  d*r.  tu  K*it»r«l  vTViMtntMl  (MImi 
Utl«  rule,  kttd  Iha  uithor  In  hU  matra  la  ta*«» 
cf>»«id  pracKaal  UbI  Ucdv*  RlmOMdOfauH^M 
Ihl*  1»  «iilir«ly  eicuublo  coiu]d«(la(fti*idBi!» 
bl«  mannvr  In  which  h«  haa  thiu  l»cr«Mi  i  Hm 
nj»ruiaeu  of  hU  work.— iferf.  fi«r^  /ao.  17.  Ml, 


Asoinnn^H 


Ashhorst's  Sargery.— Fifth  Edition. 

The    Prinoiples  and   PraotiOQ   of   Surgery.    By  Jobh 
Jr.,  iL  D.,  BiirUjD  I'rofeasor  of  Surgerj-  and  L'tiiik.il  Surnery  in  (lie   I'niv.  o* 
ceou  to  the  Peou.  Iloep.,  I'Uitad«Iphi>.     Fifth  edition,  ooiuirod  ud  lUorua^blj  KVudL 
In  one  octavo  vol  am  e  of  I144pa|;«s,  with  642  IIIua.     Cloth,il>.00;  luih«r,  tr.'oO- 
AMinplalaaoilBioamQaltoncirorknnRtiriiAry.    peMihMMnmaiXlaUaa.  TL«M(i<lnt.w«b«U(*% 

could  not  ^t  a  baaur  book  Cor  ol-Malog  ■««» 
prwhanal**  knowlMlM  of  aunvrr.  Tb«  Umh 
itdTancaa  ar«  rrfemd  to  with  aofflelMBt  elainiM* 
u>  aUmulaw  to  Iktrthsp  «Md7.  mi4  Uw  twa-ddn  ft 
th«  bonk  la  Mnlaantlv  oniiMrTadv*,  but  alwitp 
Indlolou*.  A*  nciwl  Dr.  A»libar«t  has  lMla4a4 
nvui7  raloAbl*  *t«Uiticd  Ubtaa,  wMi-h  hu>a  haaa 
r*Tla*d  up  to  dat*  of  praparalloo.  K«  baMtr 
■Ingl*  folama  oo  virfarj  can  ba  Ipoad  tn  (ha 
Eaittab  UairMM  ud  U>m-  ain  qulia  BanarMi. 
WaooBimoDd  It  toour  r««id*r*BaB  rtauBrfafUia 
bwi  modara  nathoda  In  MaanU  Mid  of  Aioartaa 
pnwtlc*  IB  piutkaUr.— fb  .V*»  OKanu  JTaftal 
luut  A>r}iMi  JtMnMt,  Sopt.  UHli 


ll  (■  obIV  nagaaafy  to  asMnloc  li  [o  lee  •luuca 
It* <xe«li«iio«  aiad  rwal  in«rli  etih*r  m  (<^xi-lio»k 
for  lhi>  *tudrnt  nr  a  KUid«  f t>f  th«  g^o-Mkl  praoti- 
tlonar.  II  fully  onxlilM*  In  deWI  OTarr  aniglml 
Injury  and  diMa*e  lo  whlc^h  the  body  la  R*bta,  Mid 
viwf  ad'anw  Id  "ur|t*T  vonh  notlDf  ia  to  ha 
fotiM  Im  lla  profMT  plkoa.  tt  U  nequeatloakbly  the 
b«ai  aad  meat  <wilipl«M  atoKta  Tolum*  on  auti^arr. 
In  th»  Bn|tlah  laDKiM(e,  Msd  caon'M  bat  roeolva 
thUMBtiku«dapi>T*alBtlDn  whloh  Ita  in«rlt<iuj*tlr 
dMDaftd^-JbulAwn  PrMhtioitr,  Feb.  1800. 

Ill  NvtawlDK  «  |'r*vlou*  adlUon  w*  bigtilf  eom- 
nHidad  tha  work  of  Aahhum  lo  >h*  alndeol  and 
prMllilMcr  M  n  (Ait-lhxilf     Wa  rno  hfutrtll^  n>- 


Dmitt's  Modern  Surgery— Twelftb  Edition. 

Hanual  of  Modern  Siirgsry.    Ity  Robert  DRrirr,  M.  ILCS. 
edition,  tltorouchtr  reviM^  Uy  Stahutc  Boyd,  M.B.,  B.S^  F.K.U.S.    In   oot 
rolnnu  of  965  pagw,  with  S73  iUmtniioni.    Clotli,  $4i00 ;  le«lb«r,  $&00. 


Twdnfl 
KM  Sre^ 


UroHCaBqiyry  baa  bMu  as  •teMdlnclr  popU' 
tar  WMk  la  th«  »ro(aaM«a._It  (a  alaM  jtSalUiaoo 


coptaa  hara  baaai  add  In  Saflaad,  whUa  la  U>« 
l*Bll*d Slat**. erar  aliM  lla  Bnt  iMua, It  hM  b«aa 
i»«d  aa  a  Mil-book  U>  a  rary  larpt  *xl«al.    BBC* 


l*Bll*d Slal*^ erar  aliM  lla  Bnt  iMua, It  hM  bMB 

I  a  Mil>book  U>  a  tmt  lars" 
Inc  th*  Ula  WW  In  lliUi  eonntry  ft  wm  ao  highly 


Bppraelatad  tlwl  a  mpy  w«a  laai}a>1  br  lb*  0««an- 
aiaattABaohaurtww.  Tli«  pc*s«n> adlUMi,  wMia 
It  Iwa  tha  Muna  naMirwi  paeutlar  to  ibo  wiirtE  at 
<lr*l,  catbodiaa  aD  raecnt  dtaoonrtea  tai  *ar|an, 
MHt  b  tWIr  np  to  th*  tiinaa.— <VM*i>»«n  MSBM 
ff«at.6«p«aBbar,liR. 


Gross'  System  of  Surgery.— Sixtb  Edition. 

A  ^stomof  Sargery.     P>y  .s.v:>il  k:.  U  Gross.  M.  H..  LL.  D.,  Engritai 
ProfMKir  of  Stirgrry  in  Ilia  Jadcrton  Madind  l.'ollew«  of  PUiladclohLa.     (Sixth  fffilkn 
III  two  luf*  iiiip«nhl  wUTO  TOlumai  uMHuniiu  siSi  pK0w>  iUtutated   with 
M^nriac*.    L«Atbcr,  r^Md  brad^  $15.00;  half  Riusii>.$18.00i 


Young's  Orthopadlc  Surgery.— In  Press. 

A.  Hunuul  Qf  OrthopBudio   Stjrgery,    for  Stadmts   ftod   Pruti 
tioners.    ByJA3ii^K.  Y»i.s<;.  >1.  l\  Iiatniaor  in  Orthoprtic  SaiMJ.i,  UBtrwrityaf 
JVnusylnuitu,  I'hilMiclihia.    In  one  lAna  rol.  of  hbout  4O0  p|l^  fully  lUnaustod. 

Bntlln  on  the  Tongue. 

X>iM«Ma   of  th«  ToDgu«.    By  Qswar  T.  Bittlu:.  F.  R  C  &.  Asui 
t>iu^on  to  St.  Bulboloa«w'>  Hkapiul,  LDodoo.     In  om   ISao.  rolnai*  at  456  pafc^' 
with  b  ooloMd  pUtcs  and  3  woodcutL    Ctatli,$&dO.    P>i  fi'ii-i'm  nl'fTiai'mr  Ifiairifi.  [i  TT 

Gould's  Surgical  Diagnosis. 

Klemeuut  of  Siu-gical  Diagnona.    By  A.  Psasob  Gocxs^  M.  &, 
F.  B.  C.  &,  AwflttiU  Suiceon  loJUddlcaex  Honutal.  J.oa<ko.  _la  aw  poaTw  itoh 


Tuluiuo  or  689  ijagaa.    Cloth,  $2.00.    Sm  . 
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piuurs  paiKcirLES  asd  practice  or  Kuxxre  practics  or  ktbcib-t. 

lUBOBBY.    Bdttad   br  Jo«k  Mnu.  M.  It.    Ia       a»d  ra»fcii*Mw1«Mi  IJM^    taaaal 
aw«*«.>«L«flMjBipLwllhSUfflnaaath.tt.Ts.       n^  oriHww«W>«iaiaaCallaM    CV 

oAyrs  arupEKTrBtTKOEBT.  Byru>«>u.B  iinxErsram>in.BBorBinMKitT. 


UMad  br  jo«K  Nbu,  M.  It.    Ia 

_  _jrt*8UB0EBT.    Byru>«u.B 

JimtOurT.r  B.C:&    Smmm  aau*^  Ml  bum,  i 

IMaapsvtacB.  aBth,l£TI.  I 
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MMttattMSiHhai 

rwMpBa.w«hiMaM. 
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Erichsen's  Science  and  Art  of  Snrgerr.— Eighth  Editiou. 

The  Science  and  Art  of  SurKer; ;  B«iiw  a  TnaUw  on  SunncKl  IqhiriM, 

DiseMCB  and  OperntionB.    iJy  JoiiK  K.  Krh  h.ken,  RRS^  F.  R.CS^  Pmrenm- of  9nr- 

fery  iu  I'aivenitT  ('u]tc«»,  Ijouilon,  cic.   From  th«  «ifi;hth  and  eol&rg«<l  Engli»li  etlilioii. 
n  tww  laxite  8to.  Tols,  of  2316  pp.,  with  934  ^ajtm'in^' on  wood- 


cli 


aoth,*9;  Ieatlicr,$H. 
«[  the  fWoMr  •41Um  bma  b«en  dropped  tad  do 
4l»coiOT7i  <1«*J»  01  liDpraT*m«ii  which  baa 
iD&rked  tti»  progrw  of  BUIWN7  during  tli«  la*t 
dvcft4«  hM  bwtn  omttwd.  Th«  DIUftntlOBB  u« 
mttif  Bad  eiMQtod  In  Uia  hteheat  atrl*  of  mrt. 
tMchtBuaof  th«  cIrtllMd  world.    Vo  aicsllnoea    ~J>iiJfrit(«  Jr«d>«a(  ffcvM,  rob-fl,  tW. 


■1c  wurk  hM  b«pn 
■ftd«  bv  pmhmio*  o[  iwtehcn  th«  prlnelp*! 
ttitVlxMik  on  MirK'T  '"''  m^inU  studenla,  whtlr 
throaxh  tnailuloB*  Isto  lb*  umdiog  coiitia*»(a) 
Unpiagcs  H  mmj  be  mid  to  culdt^  the  lurffcaJ 
...        ....._    .  ,„f|-,|      -- 

Bryant's  Practice  of  Snrgery.— Fourth  Edition. 

The  Practice  of  Surgery,  liy  Thom.v*  ltiiY.»NT,  F.  U.C.  S.,  Surfrmn  and 
Lecturer  on  ISur^ery  m  1  !u_v'h  llo«pitnt,  London.  Fuiirtli  American  from  ibe  louTth  aud 
teriBed  EdsIuIi  cditlfln.  lu  one  Uife  tad  vvrj  handsome  iiuperUl  ocuito  roliime  <^  1040 
|»M,  with  727  UluvltaaoDa.    Cloth,  fSM;  leather  $7.50. 

Th«  ftniHh  Bcllllan  nf  lhl«  work  U  tally  attn^  ji\m^  Im  WGrk  Bmang  th«  hlghaat  onlar  ot  ttx^ 
ol  1:1*  lime*.  lli«  Mithor  hudlM  bt>  raldeine  book*  for  Um  tua4lc»l  auidatit.  AtrnoK  vjtrj 
wtlh  t>iKl  dt-Krveof  Jii'Jimaitt  aod  alt  III  which  li  iapits  ia  »nrf*T7  i»  ffn^aUd  ta  >n«h  a  form  aa  to 
a(talBt>d  bj  jvun  •>!  paileoi  Coll  and  varied  •■■ 
parlenc*.  The  praeeat  •dlllon  la  a  thorough  re- 
VMoo  of  iboae  wUeli  preoeded  It,  wlUi  nueb  new 
naUar  added.  HU  dleUon  (a  en  Bracafil  uid 
logical,  and  hi*  vxplaaattona  are  10  Inald.  a>  (o 


unablH  the  bii«ypraetltloB*rl«r*f  ■•«■«]> lubjact 
In  avenr-d^  prarrtlRn  In  aahort  limn.  No  tlin«  le 
lo«t  wm  oaelw*  thMirle*  «r  auparfluABe  T«rblac«. 
la  aborl,  th*  work  It  emlaeour  clear,  toxical  and 
praci  liW.-OlHrefr!)  Jf id.  Joar.oiul  Jbaoin^.  Apr. 'Ht. 


Wharton's  Hlnor  Snrgery  and  Bandaging. 

Minor  Surgery  and  Bandoging.  To  IIfnby  R.  WnAittes,  M.D., 
I^vmonsintor  of  Surgery  in  iUv  l:niT«rvily  i.>f  PrniiavUnnia.  In  on*  12nio.  voluii)«  of 
40S  {wgH)  with  403  engnving)^  mi&j  bcinfi;  phottigrapliiu.    Cloth,  $3.00. 


Thla  Dew  work  mt>M  Ukv  ;>  Aral  raak  «•  aoDii  am 
*tiiXD\n*-d.  Handnclng  !-■>  ««1>  deverlbed tiy  w«nla. 
and  U>*  neltiod*  ar*  llluHraMd  by  photograph  la 
dravlnis,  ■»  an  to  roak*  plain  eaoA  fltep  UkaD  tn 
tbe  ap|>llE»(lon  of  bandaBaMof  Tarlou*  ktndiiMdlf- 
fareotpartaoflhaboi^nndBxtreralU**— Hwlndlni 
thehvad.  Tiie  farloui  oparailana  ar*  llkowlaa  d^ 
»enU>d  and  llttMlratad,  «i>  thai  II  woulil  Mem  *afy 
for  iha  tjra  to  do  I  he  KTa(e»iiuTt|miiiiInD.   Th*  >a- 


rloua  eetaUlihed  opaiatiotu  are  deaerlbed  In  (lelaf  I. 
llano*  ihla  work  baAomaa  a  moat  nlvaUeeocn  [mb' 
Ion-book  (o  anroftba  mora  prateailova  treatlaaa 
OB  nttftyt  what*  ilmply  tlia  tnaral  adrioa  i» 
niwwn  M  bandam^  ampulaM,  Intohau,  oparaia^e^e. 
Far  tha  atudanii  ud  yvamt  anrmoo.  It  U  a  vary 
valaaUeloatnielloDboDk  fromwhlah  tolaarahow 
la  do  what  inaTbeadTiMd,inia(k*tall«rm».tabe 
daaa.  — rirjijn  Sttdical  Ximtlifg,  OctobarlWl. 


Treves'  Operative  Surgery.— Two  Volumes. 

A  Manual  of  Operalivo  Sureery.  i;>  KR(U'm»:K  Tkkvis.  F.  K.  C.  S., 
SurgeAn  and  I^tic-Iurrr  on  .\tuitomy  at  llie  Tximlon  Hoapilal.  In  two  ortavo  voIitmM 
CODlsinisiK  1550  pa^ca.  with  422  vngraviDy*.    Compute  work,  clotb.f  9.0(1;  leath«r,  f  11.00. 


I 


Mr.  Travaa  In  thl*  admirable  mao<ial  of  opani 
.  Jite  aurfer7  hu  la  each  laiUDce  {•raotioalljr 
'  SMOBiad  that  oparaiiofi  baa  baan  daddad  apon 
andhoallion  prneeealad la glre tha tariona opera- 
it*a  maDiodi!  whieb  tav  M  anplflTad,  with  a 
crlUeiam  of  thair  FompaTntlraTalDeaniladetalle^ 
■ikd  otraAiI  dcacrlp'.l.^u  of  Fn<?li  partkular  iiaca 
of  their  perfDnrjtrti^*.  rj>|iaMl(Ia,iuiuti!)n  hw  becD 
FkJd  to  Iba  traparalorjr  trealmeDt  of  tha  patimi 
and  to  Iha  datalta  of  ihm  mttmr  tnatmaDt  of  tba 
ea**,aad  ihlaiionaof  ihamoctdUUDoUr^nmoDK 
tha  n)an]r*xe*l3anlf*atiir«aof  Iha  book.  Wa  hani 
DO  haajtatloa  in  daelartnit  U  tba  beat  ««ik  M  tba 
•ubjaot  In  the  Engllah  laQgiiage,  and  Indeed,  lo 
nMO]*  mpaota,  ibe  b«ri  in  any  lacxnac*-    It  can- 


not hll  to  be  ot  (ha  graateat  <i>a  t>oth  to  praoUeal 
■urKeooa  aod  to  Ihoaa  gaverat  prac^tiiiooan  wbo^ 
owing  to  itaelr  laolatloB  or  lo  oihar  olr«uinstao«ea. 
ar*  fiM«*d  lo  do  mueh  of  thelrowaonrallia  work. 
IVo  faal  called  upon  lo  nvoinowad  the  boelc  so 
alron^  Ibr  lh(>  asoallenl  Judgniaatdiaplaradln 
Uia  arduova  taak  of  aalemlDC  (rem  amaag  tha 
Uiouaaoda  of  (aning  prooedorea  Uioaa  moal 
worthy  of  deajrlptloo;  lor  tha  way  tn  vblnh  tka 
■Utt  niO««  dIBeutI  laak  of  ohooatoK  among  tha 
bam  of  iboaa  baa  been  accompiiahed;  and  for  tba 
■linpic.  Hear,  atralithtfonTaid  mannar  Id  which 
Uia  lalormatloa  tboa  gacharad  from  all  tiLrglcat 
lllsralura  haa  baan  eoniajf>d  li  the  rnadrr.— 
Antttt*  nf  Swg*nh  March,  IMK. 


Treves*  Stndont'a  Handbook  of  Surgical  Operationa.     In  oo* 

aare  I2inft.  voliiriic  of  50^  I<ng«a,  ^'ttti  04  illuatntiona.     Cloth,  |2.&0. 

A  fif anual  of  Surgory.  Tn  TreitiKe  bj  Vkriniis  Autbon^  edited  hj  Pbeiv 
EStCK  TsKV£)<.  F.  It.  C,  S.  In  itirM  l2mo.  Tolamea,  containiaR  1866  pagea,  with  313 
eaifimTlng*.     Pries  per  iwt,  cloth,  16.00.     8m  Studmtf  Beria  of  JRhnki^  psff«  30. 

Iba  aaliaBt  polnta  and  the  trRfniiing*  of  oev  aab- 
favta  are  alwaya  i^rluted  la  «itra-rii>avT  type,  ao 
tiimt  a  paraon  may  ttnd  whaterar  Infarmniioi]  ha 
may  be  In  need  of  at  a  mooiaat'a  glaiu*,— Cf*- 
amati  fAMat-Cbwr,  August  n,  IMC 


Wo     hare     here   the    oplDlnni    of     Ihlliy-lh: 

aathDf»,  la  an  eneTctofeHtla  form  for  aaay  aivd 

ready  rarareooe.  The  lhr"e  lolDman  embraoa 
O^ary  rarirty  of  auricical  alTeMI'^n*  tlkalr  to  b« 
(net  «Uh,  tha  peragrapha  ar«  *hon  and  pllny,  and 


TrevOB  on  Intestinal  Obstruotion.    In  onr  1 2mo.  voluiae  of  522  p^e% 
rith  60  illtu.     Limii  clotb,  tilue  edges,  $'J.0O.    Sec  Stria  of  OiniciU  J/onitoia,  paj«  SO. 

Holmes'  System  ol  Snrgery,— American  Edition. 

rA  Syetem  of  Surgery;  Theoretical  and  Praotioal.  By  ^'l^iclus 
AmbonL  Ivtiicd  bv  Tniiyriiv  IiCiLJii:^  M.  A.  Amerioui  edition^  rcviMvl  and  re- 
fdiltsl  bj  JoHM  H.  Pac-kakd,  M.  D.  Thr««  larx«  ocUto  toIo.,  31S7  pp.,  979  tllua.  on  wood 
gnd  13  llth.  platiM.    Per  set,  clotb,  tl^:  leather,  {21.    Subtcriptim  <m/y. 

Lta  Bmthtrs  J  Co..  Fublinhfs.  706.  70S  A  710  Saatom  Stmt,  Philudalphiq.. 
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nf  *urK«r7,  Uil*  *elaio*  wUTlanir  b«l4  fti 
coDupkuoua  plae«,  anil  Mldam  «UI  It*  rivuU 
mutvr  bow  ODBtiul  th*  fUb^Ml,  ««ii¥itli  lu  i 
tn  ikln.    lu  compact  Ibrin,  •■cvllaol  peu 
•rail*  UliwuMloiu,  u4  wpMWir  ita  < 
Pf«eilc»t  eharactBr,  all  eocneto*  lo  oooiu. 


Smith's  Operative  Surgery. —ReTised  Edition. 

Tho  Prinolplea  and  Practice  of  OperatiTd  Surgery.  Br  ^efvo 
SlUTil,  M.  v.,  I'rofes«or  of  (.'liuiml  Surgery  ■□  (he  Lni»fr»itF  of  llie  t'ity  of  Jiew  VoriL 
fiaoona  aJad  lUonuMj  rvviBeJ  mlitiua.  In  one  very  hanJiQiDe  oct&vo  voluma  of  MS 
pn^OK,  Kith  lOOfi  UfuslmLiona.    Cloth,  $4.00;  lMih«r,  $6.00. 

Tbli  ezDclIanl  ud  vvr;-  rntUBbla  Ijock  i*  onv  t>{  ■urR«oo,  ■P<t  «T«n  h  ■  book  of  ntknu*  ft*  Ito 
ili«  moil  MiUBbkCtora  work*  •m  iiioJeru  (i|i«nllire  (-tijaldui  not  Mp«(d*ll7eanMd  la  lb*  pninla 
*uTg«rT r*t  l>tibll*lM)d.  TI)«  l>o'>k  ta  bciinpendlum    nf  *urK«r7,   Uil*  *elaio*  wUl   I  ~    " 

Tor  i)is  m(Kl*m  •urKaon.  The  |>reBeiil  edition  la 
niu?h  «eliirice<l.  ui<ri}i«  i«st  hu  !»« n  UioroDBhlv 
r«tl>*d,  ai>  *■  to  git*  th*  moat  ImprDTi-d  cnellKHla 
In  uaptio  aunivfTi  *n^  (ti*  '■'■•■I  laairuDMBta 
known  ri>TO[<«ratl«<i«nrk.  Ilcan  b«lrulTB»14tIi«c 
•VkhMdbooIc  Tor  tb«  tiluilvnl,  ■ocmpaBlonr^'r  (Iw 

Holmes'  Treatise  on  Surgery.— One  Tolnme. 

A  Treatise  on  Surgery ;  Ita  Principle*  and  Practice.  Hy  TinoTar 
Holmes  M.. v.,  :;ur^eon  and  Ledurer  on  Stii^try  ut  >i.  Qeota^'a  Ilo«i]!ui),  Londoa. 
Fmm  Lhe  fifth  Rngluti  Miljon,  eililfd  by  T.  I'lcKKRiMn  I'tcK,  F.  K.  <'-.  S.  In  oae 
nClnvu  ToltiuH!  uf  997  pajfca;,  with  428  illtufnttioiu.     Clotb,  $6.00;  leallier,  $7.00. 

To  Ilia  r(iiiD(«t  mcmbfti-  of  lh«  profMBJOn  fend  ,  tot  Ul«  (Micnl  prM 
li>  ut^ivr*  xol  anrLialnlad   ollh  tha  book  »iul   I  la  |  thai  ani  D«o**a>r]r  li 

olprlt^  we  Uk«  plntiur*  Id  r«aoruiiieiiilln)E  It  aa  a  praMculiOD  of  IM  Biirc»oD'i  c*r««r,  IMp 
»iirit*'y  ''omplat*.  inorDUDh,  v^lloritton,  flilly  noih!ri>f  il  «i  in  our  praaMiI  knowlvdM  toB 
lllur.l(al«a,  inodern,    a  woil:   nulSi^lriilly  toIumI-    h*  I  -trleatifiii  or  liMa|i«tU«aL— Aafk 

IliiLia  for  Uia  ■iirKM'ii  apvolall'I,  a<lri)i)alaiy  noanln*     Mt'  i  -In'/.  UW- 

Hamilton  on  Fractures  and  Dislocations.— Eightli  Edition. 

A  Practical  Troatiao  on  Fracturos  luid  DiatooaCiona.  r>v  Fbaxe 
H.  Uamilt»k.  .M.  I>,  I.L,  I>  ,  :^iirg«ou  to  BetlcniA  IlMpiUl,  New  York.  New  (Sth)  edi- 
tion, nruffl  anil  vdil^l  by  •Srsriiajr  SuiTH,  M.  D..  Pror.  of  CliniisU  Surgery  in  ITait.  of 
Cityof  N'.V.    InomocUTOTi>lum«ofS3*J]ij>.,with607ill»s.    Cloth,$5.&0:  lcftlb«r,K-U. 

hM  alintd  to  mak«  ih»  i>r*a*D<  Tblune  a  «OR««t 

•(panani  of  our  knuwIadK*  of  thia  dapffiaat 
of  aurffiTT-  11  AiamtalbN  the  voluiiM  om*  Ism 
Doom  alluok  vlth  itu  •<ld*oea  of  Um  n*>  -"TTf 

of  labor  lia  cacapllAUoo  hkI  rveaoauaaUaa  i 
hatw  naMoailMMl.  Tba  noM  <>■»  iwaiU  tk»  \ 
MMlalaprMMdVlthKaMnptaMaMa.  Ttel 
hM  bMaMMniiUilM4,*a4  lua  k««B  dki*»  eta. 
•onelMly.  axMnMUjr  w«1l.— Aertiii  Jtidtt^ 
aurgtfl  Jvititat,  Maf  St.  UR. 


1  lit  numercua  •dllkiaa  ar*  wnTlB«hi  g  proof  KaujF 
Unawtad.uf  Ita  Talil«  and  populailty.  It  la  pt*- 
«(nln«nlly  the  authcrliroo  fracUitn  and  dliloc*- 
lloBa,ai]<I  unlTorajuly  r^uolad  a*  aorh.  Id  tta*  naw 
i^Jliloti  It  liM  iMt  iMXi«  of  lu  loroMr  worlti.  Tbe 
•il  .1 1  i;oDa  It  haa  rMialvad  by  lu  roacacrajlalon  mak* 
It  .1  nuik  iliorMiahly  la  aeoordaai:*  vltli  iii»dern 
«l>aaiMltr.  awpUntltr. 
ccmpteta  ttmnaMi  atol^ 
-  m.smlth 


I>(«llG«.  Eh«oratK)all3',  inMhaaiDBltr.avpUniltr. 

Tlio  Ink  of  itrlllDK  a  com  plate  traau 
jfrt  cf  Kucti  m»cnl>B'l*t*B«M*TaA*- 

Stimson's  Operative  Surgery.— Second  Edition. 

A  Manual  of  Operative  Surgery,    i'y  Ltnn-  a.  Sxinwje,  B.  A.,  SC 
I'liitaiiii  of  llinicil  Sdrgeri'  in  itio  ruiTenriiy  uf  the  t.'iiy  of  Nev  YorL.    SecoM 
liaa.     In  ooo  royml  ISmo.  voIdbm  of  MA  p«f^%  with  343  UUMtnUoas.     Cloth,  VSJM. 

Tti*  anthor  knowa  tho  dlllleMit  Mi  of  eoarfant*-    (ha  anlla*p4|a  ajataBi  aiwl  baa  add«d  u  MM«at 
Ikia.     Tbtu   Ui»   BUM4I  Mttaa  m  ■  work   of:  of   muiy  n«w  «f«naMt  U<  varlaUoM  In  U* 


r«f>r*ac*^  and  at  tha  aama  iIbo  aa  ■  haadf 
(Uldo.  It  t«*chci  what  It  proftatia,  Ut*  twpa 
«f  OBorMiloiMi.  In  ihia  adiuon  Dr.  Sthnann  ha* 
rnuKnt  to  iBdleau  tka  ehancM  thai  hat*  bMO 
•fteiaj  In  ofiarailra  natbods  and  proeadara*  hy 


Mmn  of  oMar  ofMnDUDa*.  Wa  da  bM  daatta  (o 
«zM  tUt  luanai  abora  nav  a^oanaai  ataadaH 
BrtUata  publkMUoM  ar  tba  Mna  elMi,  BttD  wa  b» 
llava  Umi  n  aaatalat  nadi  Uiai  la  wvnbr  -t  im- 
Mloa.— anMak  Jfailinl  J^ur^ml,  Jan.  B,  IHT. 


Stimson  on  Fractures  and  Dislocations. 

A  Treatise  ou  Fractures  and  DisloeatiOQa.  By  Lvwrn  A.  Stuoot, 
U.  D.  In  two  haadaon*  ueura  voluatca.  Vol.  1.,  Fbactitrbs,  bdi  Mo^  MO  Ubau*- 
tiona.  Vol.  II.,  DtXLOCATlOitt,  MO  pagta,  with  163  illiMtraliuna.  CoaDplsU  w««1e, 
doUi,  SS^:  l«alt«r.  t7.$0.    Eitiwr  vutumt  Mpumldy,  doth,  tS.00;  iMlhcr,  fUO. 

TbaaapMraMaaftbaaaooodtttlaiBamarlutha  axbtblla  iba  auc«r  «<  Utriooailgaaaa  Kit  UOfkl 
«oin|>l«oraa(ilMaialbar'aorlflaalp)aeaf  pfaur-  aadpraatlaad  t>ilbamialaai(aan<aaa(aaaaaf  Ika 
lac  a  w«rk  whtob  abaold  K<aaM  ta  Iba  (nllaM  |M«aaBi  tiBM.  Ceaiatatat  Iba  taaolia  af  aoob  aft- 
naDinr  all  (bat  ta  known  on  tha  eanala  aobfaata  tandad  w—arebaa  It  mna*  fbv  a  lang  tMta  ba  1^ 
«|  FYadoraa  and  Olalacatlaaa.  Tn*  ToUuna  aa  f^ardad  aa  an  aubaattf  oa  aB  aab|aM>  pMatalM 
FTnetunaaaMunadailonoathapoaltiiiaaf  antbarlty  la dbloaatbkna.  Miwi  jaa<<lllaMi  rf aniJMJ  wli 
oa  tba  au^a^t. and  lia awnpanlen  aa  DtalnoaUn—  laal  It  laanBbaMasUa  ta  bOTW  ■  Nt  baaatal 
vl|i  aodouMh*  aliDllaHjr  r«««lmL    Th)*  nlnina    r*rarw>i<*.^XbMlBn^l ICaMeat JVaa^Mar, IML 

Pick  on  Fractures  and  Dislocations. 

PraotUMS  ami  Dialocationa.  l\v  T.  Pi'/cuukq  Pick.  F.  KCfJ.,  Sor- 
gwi)  toaoi)  Lrcitirer  oaSurmv  at  .<!.  (.(lirgrf  itij^iiul,  LowlotL.  In  one  ISno.  «oL 
ofSSOpf^wiLbSSmua.     Lunp  cIoUl.  $2.0a    9m  Strim  ^  Qimint  lfa«an/i,  pay  Ml 

■arsh  on  the  Joints. 

Diseases  of  the  Jointa.  By  UmrjLu>  Uauo,  F.  B.C.&,  Snkir  Awiitaat 
Sornoo  u>  ^^  Btniiokniew'a  HoapilaL  Loadoo.  Is  turn  ltao.i>alBae  of  MS  Vt^*  *^ 
fllModcnli  aad  a  CBlond  pble.    Clalk.$£AOL    Saefi^iii^fl^ial  If       t,jagtt9. 

ZMftwCllv«4  C*.P«MskM«.706,-I0a  a^llQ 
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Norrls  &  Oliyer's  Ophthalmology.— Just  Ready. 

A  Text-Book  of  OphthalmoloKy.  Uv  \Viu.iam  F.  Nourih,  M.  IX, 
l*rof«Hor  oft  ijjhthslnioiogT  in  tli«  UniT^riity  of  I'mDnrLviinis,  and  (Juarus  A.  Oliteb, 
M.  D.,  Surgeon  to  Wilts'  Kyt  I(ne[iit)il,  l'iiil,'iil«I|)hiA.  Id  one  very  hsadaoinc  octavo 
vol.  of  ML  paffce,  with  3J7  vngruvings  and  5  oobrM  plates.    Clotli,  ii> ;  leather,  $4. 

Ttie  preiJfLration  of  IhU  mn£:Ditit:«nt  work  has  Fognged  itfl  cmiufiit  aiuhon  durinK 
a  period  «xceGdiiU[  wveo  ^«an,  tbeir  e6brl  being  to  produce  a  guide  for  tlie  etiident  anu 
pnctiUoDer  whics  should  represent  the  most  advnnMd  state  of  ita  Bcience  i»  the  clearest 
poariUe  nuutner.  The  roliime  MubAdiee  not  only  the  r«idtA  of  Urge  petMna)  experience, 
nut  ak(>olmoatextenMv«3ciiuainlauce  with  the  vut  and  rich  )iteniliir«of  it«de)i«rtmenl. 
Bj  a  canfnl  Mtection  of  malecial  and  Uie  euiplnynienl  of  a  terac  stjle  the  autlian  have 
secored  the  advantages  of  clearnesBaiu)  comprehensiveness  in  n  rohime  of  convenient  uze. 
The  aeriea  of  illustration*  it  sioifularlj  rich  and  is  thoroughly  iu  keeping  with  tite 
literary  material  which  it  omhellishea.  The  ralutne  ia  amind  m  the  fortnioet  positton 
ai  a  tezi<book  awl  work  of  relerence. 

Berry  on  the  Eye.— New  Edition.    Jnst  Ready. 

DxBQMes  of  the  Eye.  A  Practical  Treaiiie  for  Students  of  Ophthalntotogy. 
B7Gbobui:A.  IlKRuy,  M.  It..  K.  R-C.  K,  Kd.,  Ophthalmic  Surgeon,  Edinbnrj[h  Hoyal 
Infirmary.  New  (secciDd]  editiuti.  In  one  octavo  volume  of  760  pages,  with  107  illuatra- 
Uons,  mMily  lilhottraphic    <  loth,  $S.OO. 

cloM  QoaaMilnn  wllh  the  muuer  to  which  they 
r*laM— au  obrlou*  paint  of  WbTanttDr*  Tor  the 
reader.  It  la  na  mSmit»bl»  book  *nd  Kill  henc^ 
forth  ooaapf  aaii  huld  Ita  plan*  ■>  an*  of  Ihe  b^l 
lr«At]MB  upon  iti«  RUbJaet  ir«  hM«.-~AniMti  <i 
Ophthalm'Jogy  ami  Otatogy,  July,  IW.I. 
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The  (hniaugh  [e»liilon  of  B«rr7'a  bock  h*a  r*- 
snlted  lb  a  voTum*  lnugwly  )naian«*i|  In  ux(  nitd. 
IllQilralKiCia,  uDd  tbe  practical  chanietcr  Ihlh  baim 
mdatalnad.  Tn*  work  t*  dlnUniulahad  liy  tu 
ptfMletl  of  bdautlhilly  c4lor«d  Uluiilnitloiin  which 
nn  natMNd  throuKboat  th«  Mat  i>nd  v''><«d  <» 


jQler's  Ophthalmic  Science  and  Practice. 

A  Handbook  of  Ophthalmic  Science  and  Praotioe.  By  Hkkrt  E. 
Jl'LEtt,  F.RI'.S.  Srtiitir  AlwiHiant  KiirKcou,  It-jjal  Wealmtaater  flphtbalmic  Iloopital; 
Late  (.lioluil  Avi»lant,  Moorficld*,  Londuu.  ^ukIIbIi  edition,  Jlandsome  Svo.  volume 
of  442  pogee,  irith  I'ih  noodeuls,  Zi  colored  plates,  seleotiona  fnun  Test-trpea  of  Jaeger 
and  Snelkii,  anl  Hcilnigren's  Cokir>blindne>ia  TeM.    Cloth,  $&.50 ;  leather,  |6.60. 

Tbc  Meond  •dtilon  of  Mr.  Jal•^»1t«rk  bftf.  >^«    JectofopbUwlmolocr,   We  weald  MMetally  refer 
knav.  b«#u  uniiumly  awiiltjad.    Ttta  autboi  ha*    our  r*ad«r»l«  th«e1i&pt«rai>  lb*  nrnwllaaoirtbe 


inadaDUiD«roij>&li«ri>ilC'D*aDdnddlllon8,bllltc  In 
tli«  tail  and  iDU)«lilu*iraU«n>.H)  tlioi  ih«  noHlai 
iaproTldadlnareadiiblef'iirii.aijil  wiih  nconolm^ 
nan*  EbcimijihljF  con)|>attbla  uiib  iiaciirii'!^  of  dn- 
Mrlpilon.  nllh  .It  tlir.iln  mopil  iimJpriioo  the  rnl*- 


«ye.  aiul)]Bct  of  eiMDtlul  ImporiaaealD  tbadtsv 
nuat*  noii  trwatmwn t  of  optlcid  •mm,    Wa  o»nD. 
dcntly  iA.tlrtpat«  a  moM  cordial  waleoma  tor  Ibia 
work  itUka  by  a4ud*BWandpnuf(lti(m*n<i(  iBAdt* 
els*.— 7^  t^cliUOner,  Jnly,  IKM. 


Field's  Hannal  of  Diseases  of  the  Bar.— Jnst  Ready. 

A  Manual  of  Diseases  of  the  Bar.     l!y  i-ttroBii^  I'.  Finn.  M.  R.  C  S, 

.lutal  Suraeoo  ami  I.«>:Lurer  on  Aural  ^^argery  in  Si  Mary's  lIoKpital  Medical  ticbool, 

LmuIoo.    fnoncoctafoof  SUL  pp.,  with  73  engravings  imd'Jl  colored  plates,    (.loth,  $8.76. 

Tala  book  I*  wrltMn  by  m  iiuttiorllj'  on  tIjU  j  t>u(>k  (i-r  Cti«  HliiiiaQI,  and  »**/•  Hiidrvllabl* guide 

Mibjaet,aa>lmar  b«rKC4nTn«nd#diM>  LiKooduit- 1  ronriaiiraeUtlaaor.— &CitiA4rv'kH«d.Jaur..aiA)r'gB. 

Burnett  on  the  Ear.— Second  Edition. 

The  Ear,  Ita  Anatomy,  Fbysfology  and  Diseases.  A  Practical 
TreMiie  for  the  use  of  Medical  t^tudents  and  I'mctilioners.  By  i  iiaki.f-'  H,  ButiNETT, 
A.  M-  U.  1\,  rrufeaeor  of  Otology  iu  the  l'hil.iiU'lj'hi;t  PolycUnit; ;  Prmidcni  nf  the 
American  Otnlogical  ?or{etr.  Hecond  edition,  lu  one  hnndsoiue  octavo  volume  of  680 
|)ag«s,wilh  107  llliutrations'  aoUi,t4.00;  leather, $5,00. 

Polilzer's  Text-Book  of  Diseases  o!  the  Ear.— New  Ed.   In  Press 

A  Text-Book  of  the  DiseaseH  of  the  Ear  and  Adjacout  Organs. 
By  Va.  Adam  I'outzer,  liuperlol-Koyal  Professor  of  .\timl  Thera  pen  lies  in  the  Lni- 
versiiy  nf  Vieonii,    In  one  liirge  folin-n  vol.  of  about  800  pages,  with  about  S(r  J  cngraviags. 

Nettleship  on  the  Eye.— Filth  Edition. 

Diseases  of  the  Eye.  !■:>■  Ivuwjum  NErrixsuii',  F.  R.  f.  S,.  Ophthalmic 
8ar);«nn  bl  M.  ThAnwa'  lIf*iiiLtl.  Ixiinlan.  Surgeon  to  ibu  IWyal  London  (MuorfielJs) 
Ophthiluiic  Ilusiiiital.  Fourth  Atueriain  from  the  tiflh  English  edition,  Ihor- 
oughly  revi»e<l.  With  a  Siippiement  on  the  Deiectiou  of  Color  BIiiidn«<m,  b»  Wii,- 
I.IAM  TllOU^it,  M.  r^.,  PnifeMAr  of  Ophthalniology  in  the  JelTerron  Metllval  College, 
Philadelphia.  In  iin«  I2iiio.  volunia  of  60U  pag**.  '"'^^  ^^*  il I ual rations,  selMtions  from 
fJiwUeu's  test-types  and  foruitilar,  and  a  colored  plate.    Cloth,  $3,li0. 

ThU  ta  a  ■•ll-known  and  a  raliiabl*  wack.  II  knnwlPdKO  l»  bd  proasnl  which  MOmti  to  be  14- 
wa«  prlnsrltv  |Dlefld«d  fur  the  u*e  of  aludeno,  fumaj  Id  aomAor  ourlarxBr  woika,  laaMI«dlaui 
aud  •iipjtllpa  tbnir  iiacd*  ulmlnaily,  but  It  U  aa  ttt/m  cwrCAnAlMBMs.  and  fat  MfMS  the  more 
usaftti  tw  Ihe  pracsltionei.  or  Indeed  tn-yr*  *o.  It  Important  p«ru  ol  Dlloleal  ophlbaldiology.— JTcw 
docannl  prrHipjHitvlhe  larfcuiioiiiil  of  rot'ondlU)     York  Sieii/nUtiumal ,  l>ae«lnHr  IN,  tSIKk 

L9a  Bfoihen  &  Co..  Publiahtra.  70S.  70S  A  7/0  Santoffl  Street,  P^fftdeivhta. 


t 


Roberts  on  Urinary  and  Renal  Diseases.— Foorth  Edition. 

A  Practical  Treatise  on  Urinary  and.  Bx*aal  Disooaoa,  including 
Urinary  Deposits-  Bv,Sib  Wu,lias  Robebts,  M.Ia,  I.wiur«riin  M->licini- iutb* 
MaiichaitiT  fHrfiool  of  Meaidue,  ete.  Foairth  Atuerlnui  fmoi  iltr  fnurtli  Lmiulun  •>!•• 
tiou.    lu  0D«  haodtocae  ocUro  volume  of  609  p«g«*,  with  81  Uluiinttofu.     Ctotb.  tSM. 

URik]rbeMldlDb»Uieb>rth«olt  iDprtnt<MiU)*    Hid  poi«n>w   •  midpUmbam  »M  fuitsii  fIib. 
•ubja«i  of  w1)!pIi  II  Irval^ — 7*«  AmtntanJournitt 
of  ffce  MtMent  &iMinu,  Jun.  lam. 

II  l«  ku  UDrl*att«d  •sjinaEllon  of  •TBTTlbluj 
iihl*h  i«IM««  4ireeUr  «r  indlrMtly  to  tti«  dlacno- 
■l*.  progaoali  miJ  lr««tm«Dt  of  tutamrj  dlaaMMi, 


wliar*  in  onr  luiiiM^in  lUMirsunl  f-f- 


T))i>  Tklaa  of  ihl*  ti««ika<  Mkgnid 
ph}-*lcl*a  In  iteMy  pnetlc*  «ut  luraty 
MitimaMil.— jfxliMt-Bcnnl,  July  it.  U>c> 


Pnrdy  on  Brlgbt's  Disease  and  Allied  Affections. 

Bright's    Disoaso  and  Allied  Att'cctiona    of  tho    Kidneys.    Bf  j 

isigD  ['olydiuk.     Iu  ODo  oduvo  vol.  it  288  poffe^  with  lUuBtnliow.    Clolh,  $2.00. 

TiifohjKtof  iblii  woiic  iBio^fliTDlAbkayiMDi-  -'■"—-1 "•T"-T~r'"-, fr't'inH'T-r'Tniniii 

«Ui?,  titkctk*!    kod  MDOlM  dMAripllM   of   Ui«  coioK  mon  Aillr  Inbi  llMlt  later  d*T*lofHBM 

twitii^lngy  and  matiaaot  of    tha   ehM  orgMile  On  iraalni*iii  iha  wrKM   It  pKnIvalwfy  urwL' 

dlir«»!>of  tti«  kldner  w*NClaUd  wlUi  ■IbsmiDii-  BtMriaK  ot«>r  af  f«n«rmllilM,  and  Mhfon)  BMff 

ria,  vhtch    anall  tapraaeat  tlia  moal   noonl  mI<  Uog,  wfiUMiI'lMakaHMiAllr  d»,  tha  uilnpotaw 

Taacee  Ui  our  IcuoirlMUi*  oo  lh*fa  tcbjactc ;"  uid  ,  IImds  whiflh  ara M  Im^rUbtM  IhantMral pn^ 
ihlodaltDhloD  of  thaohjeet  ba  IWirdoKcrlplloD  of   tlllooar.— 7%i   3taneh»iUr  .Vntoaf  Ot^cwwii*;  Oat 

thaboak.    Tb««»rfelB  ft  u**rul  «D«,  ttrliii  tu  k  IMS. 

morris  on  Surgical  Diseases  of  the  Kidney. 

Surgical  Disoaaos  of  tho  Kidney.     Br  ilcnur  Moniiis,  F.  R.CI 
ijutffeoa  to   Mul<lli.-i«^'i    Ilnapiul,  J»ndun.      ISmo.,  564   pnfee,  willi   40  woodcnlJ^ 
6  roIoreH  ]>1.itcs.    Ltm|>  cliith,  ('i.^5.    S««  .SrnVx  n^  (Hinieaf  MatntaU,  p>ce  30- 

Tbompson  on  the  Urinary  Organs. 

Leotiires   on  Diseases   of  the  UrlnaiT'  Orerant.    By  Sib  IIexi 

tuonrxix,    VfiietoKH    u(  Cliimiil    SnrKerr   la    Univvntity   CV)ll«^    Hoepiul,   Lfii 
Eacond  Anivricita  fruui  ibe  ttunl  Euiclu>ti  etflliuiL    OcluTo,  303  pp.,  35  Ulua.    Clotb,]^ 

Thompson  on  the  Pathology  and  Treatment  of  Stricture  of  the 
Urethra  and  Urinary  Tistulai.  From  the  third  CnglUb  Mition.  Id  odc  oaata 
Tuiuu)«  pf  •VtV  jinxin:,  wilii  47  engnv^ingB  and  3  plmt«s.     Cloth,  93M. 

The  American  System  ol  Dentistry. 

In  TroQtises  by  Various  Authors.  Edited  by  Wujhjb  F.  Litch,  iLD^ 
V.  D.H.,  Vn-irtutT  of  Pnwilielic  Dentistry,  Materia  Medio  and  ThmpeiiticB  Id  Lbc 
Pennevlf  aoia  Collpgu  of  l>ciiul  Surgcrf .  Id  three  very  haadBOBia  ocuw  volumea  ctat- 
faining  3160  P<«e«.  with  I8&3  illuttrations  and  9  ruU-pii«e  platea.  Per  rolume,  cloth,  f6; 
ISBtber,  t7 ;  hau  Ucmooo,  gilt  top^  9S.  Far  aale  by  m/wriptitm  oa/y. 
Ab  en  eanelvnadla  of  IMot!ain>  H  ha"  do  «u-  |  doabtl«M  tt  ts),  to  oiark  an  apoch  latba  hkiMTaf 

fwrlor.  U  (Koiifd  form  a  pari  at  etrrjr  denllai'*  donUalrv.  ll«DUMa  trill  ba  aaUitflad  with  II  and 
Ibrarj,  w  (h*  lafgrmaticm  it  c<iduid^  I*  {.{  ih»  j:irouil  of  li — ibVT  Diut.  It  Ic aura  to  b«  yndtttj 
Sraitast  ralue  to  all  piiicaKcd  in  Itia  practice  of  wliat  tha  itodiiit  naada  k>  pal  him  and  Itaap  him 
BiulellT.— JMnco'i  Jour.  Ormt.  Sfu.  9*pL  UM.  ifi  ih«  riaht  tracH,  whila  tba  arcd^aaaton  at  tam 
A  Kraod  •jralam,  blx  •iintiitli  and  Bood  *BoaKh  will  rflrvlia  ia«alcatahl»  baaaat  Crom  It— Oda<«I^ 
aad   )iaad»<>tn*  -noiigii  fur  ■  mfniitnpnl  (wtilrh    J1■•i■^■' .'.••■"»/,  Jm,  IWT. 

Coleman's  Dental  Surgery.— American  Edition. 

A  Manual  of  I>ental  3iirKery  and  Patholosy.  Hj  Alprcd  Colkxxv 
I,.  It.  C.  v.,  v.  K.  C.  S..  Exam.  L.  D.  S..  U-rturpr  oa  Deuial  Stirgerj-  at  Sl  BaitliQltUDnr'f 
Ilcnpilnl,  Tiuiulon.  Tluiruugiiltr  revbed  and  adapted  to  the  uM  of  Ameriean  Btudasl^  br 
br  TuoHAS  V,  SntLL^Aocs,  M.  A^  M.  D.,  D.  D.  S^  ProCof  Fliruokw?  io  the  PiiUadtl* 
pVu  Dental  College,    i  ictaTo  volume  (J  412  l>agea.  irilh  331  illnMnLUOoa.    Clotb,  tSLSSi 

Carter  &  Frost's  OphtbalniiG  Surgery. 

Ophthalmic  Surgci-y.     iw  H,  liRUDrsrt.L  CABTra,  F. R.r-e.,.Lcctti___ 
iinOphtlinlnii''  SiirmrvM  :>i.  (;.-.irgf'»  llt«piuil,  lApndon.and  W.  .^PAMx  FRos*r,  F.  ltl_',Ssi] 
JoiDi  L«<:tun!r  uti  Ophihaluk  Surjjur/  al  .Sl  (.ie«/rg«'a  Hospital,  Londoo.     la  ono  I2dio 
volume  of  »d4)  pageit,  with  91  wotxlriiia,  oolor-blindDMS  test,  l«M-ljpei  and  dou  and  ap( 
dix  of  foriDulK.    Cloth,  ti:25,    Sm  Smca  of'  Ctiiatai  JTomo/i,  pag*  SO. 

DASBAX    ON    RE.VAL    DISKASES:    A  aialiial 

niiH-  to  '^'It  I'ln^tol*  an.t    Tr«atnML    tn 

wua  iitB.0.  lol.  of  JM  PMw,  (f  lui  U  tliaitradaaa. 

Cloth,  aun 
W'EtL.'^  ON  TRK  STE.    In  ana  Ktaro  volama. 
LAttRENCE  AND  HOOK'S  UANDV   bOOE  OF 

OPBTHAI.HIG  SURCtERY,  for  tha  u»«  of  Pra»- 


dtlMara.    Saoond  adlitoo.    ta  oe«  octavo  to|i 
otna  of  BT  pac<a>  •"^b  *9  >ll"a    Ootfa.  K.TS, 

LAVBON  OS  INJI'fllEa  TO  THE  BTE.  ORBI 
ASV  ETELIUS:  Tlialr  InimcilIaM  and  lUac 
BItacta.  lui'naartara  rnluainot  KM  p>c*B,< 
•t  lllUiraUoaa    Cl<ilb.|3,»(>, 


tta  Brothara  A  Co..  Publish«r«.  706.  708  a  71Q  SantMi  Sfraaf.  Pftilad»lplila. 


Fmpotence, 


Ity,  Venereal,  Skin. 


Kross  on  Impotence,  Sterility,  etc.— Fonrtli  Edition. 

A  Practical  Treatise  on  Impotenoe,  Sterility,  and  Allied  Di»- 
ordera  of  the  Male  Soxtial  Organs,  liy  Samuel  H".  Gbi»s>,  A.M.,  M.  D., 
LL.  n..  I'mft-swr  of  tli«  FrinciwIiHi  of  hiirgi-nr  unti  of  Clinical  Surgen-  in  the  Jetl'craon 
Me<liciil  (.VilIeKe  of  ['hiladelpfalii.  Fownh  wtilinu,  ilionriiiKhly  revised  by  F.  B.  Bmtott, 
M.  D..  Prof,  at  DiseeMs  of  the  Ottiito-UriiurT  Organs  and  of  Venere*]  Dueaacs, 
K.  Y.  Poftl  GraJ.  Me.1  School.     In  one  8to.  rol.  cf  l66  fngta,  with  18  illus.    Cloth.  $1^0. 

TtinvvdltloB'iirrTofMierOroBf'rklDiibleboak  I  rbow,  and  protUtoirbcM.  Tlw  bwk  UnpnwHInkl 
hav*  ba«ii  sibMiiUd,  aod  11(111  tliH  ilorniinij  In  od»  Mid  In  ftddliloci  to  Iba  *el«nUll«  and  i<»7  to* 
wtrapplltd.  Dr.  BlnriU  hu  r«*U«d  amd  Added  '  (*r««tlKt  dlMtuiioiit  on  vtlolofv.  avmptemi.  •lo, 
to  tb*  pTaTto«w  adlUona,  and  Ihr  naw  ono  ui)«ar>  '  UtM*  mw  Ham  of  trraliDont  litld  down  tfeu  aor 
mar*  e«mp)*M  vid  in«r*  ramable  ihMt  bofore.  |  pnMIUonM  «>a  foUew  utd  «l)lob  hif*  mat  •lin 
FMir  ImpMlaat  nod  K«n*rslt7nilaiBd*r>ion<l«iiI>'  .  raoovMla  Id*  hand*  of  author  aad  BdUot.—Mtdl- 
}«ctF  ut  Ircaied— lmi)M*fie«.  iilerilliy,  ■perauM^  ■  eoJ  J^4l^>^  F«t».  ».  tNl. 

Taylor  on  Venereal  Diseases.— Sixth  Edition.   Preparing. 

Tho  Pathology  and  Treatmentof  Venereal  DiBoasQu.  incliuiinH  the 
(iluof  Twxnl  investi^iionfi  Ai[)(in  che  siiKject.  liv  Rohert  \V.  Tavi.oii,  A.  ^t.,  M.  P., 
Clinicnl  I'rafcMor  ofljcnilo-lriuar/  Uixaaatw  in  Uie  Cullege  of  I'hjaiciuifl  nod  iMirnom^ 
New  York.  B«iag  the  aixtli  ediliou  of  lium^leaft  am!  Titijl-jr,  rewritten  by  Dr.  Tiylor. 
X.ni^e  9,va.  volume,  ahniit  iWO  psges,  with  about  160  en^Tinps,  as  well  lu  numeroiw 
chronxvliLhographs.  /»  ud»«  prepamiion.  A  nolioe  of  llie  previoon  edition  ia  a)i|icn>led. 
It  I*  •  aiileBdld  fMord  of  heriMi  labor,  MldB  upon  lli«  ■ubjecM  of  «)ii(<h  it  trttai^.  b'lt  alfo  «oo 
raaaareh,  fuM  ooinpariw>ii,  varafDl  ■orutlnjt  and  wtitoh  ba«  na  aitual  Id  oilier  ioh^p*  I'-jt  ila  irlear, 
orlKtaal  «Mrt*Me,  Which  inil  always  be  twid  aa  I  BompT«h*ii4tM  and  prafil'^al  ban^llni  of  lla 
ahJBboradlttoAmvrlcuiniKlIcKl  lltarBlurs.  TtiU  itita»ii.—Am.  Jimt.  of  tkt  MmL  Beunem,  Jim.  IIM. 
la  not  ABly  tti*  b«i>l  work  In  ih»  e^xllub  liuituaca  I 


HWai 


Cnlver  &  Hayden's  Manual  of  Venereal  Diseases. 

A  Manual  of  Venereal  DiSBRAes.  Ity  Kverimt  M,  (_'i-lvk«,  M.  D. 
FaUiolov'lfrl  ;in'l  .\»i-.taiii.  AlttndiiiK'iiWK'^"-  Maiiliaiian  Hol^pilld, New  York, nod  Jamr» 
R.  HAYutLv.  M.  IJ.,  chief  m'  clinic  Venereal  I'epanmeni,  l>illc«eolPhTsicianH  nod  Siir* 
geonc,  New  York.     In  one  12ma,  vuluiuc  uf  289  ]«»«».  with  33  itluB.     (_'ic-l!i,  Jl.T-i. 

vaaereal  dlMaae*  for  Ui»  K*>iieral  praclltionfr  t« 
adopt  a>  a  gulda.  Tba  ganMal  praatlUoit«r  ovwda 
a  few  ainple,  Modae  asd  elearly  pnaavtad  law*. 
In  th»  axaoatlon  of  whtch  h*  cannot  h)l  •Utvei  to 
evm  or  prBrirnt  thn  rar^sge*  of  tho  matadlaa  ID 
q'lvotloD  Rnd  Ificlrdlnfii!  nrxUV.—Bfffilii  VfdieiK 
and  Sutykal  Jaarna!,  Majr,  ISDE. 


TIiU  book  li>  a  practloal  tr^Htlif ,  piMentloK  In  a 
oomdonved  form  Ifa*  aiiHiniliil  foaiAiro.  of  our  pr»»> 
•nt  lcDowl«d|«  of  th«  itin-o  vtn^rfal  dtaaaaeo, 
*n>)ii'l*.  <^h<>tiirr»ld  and  notionliri,  W*lia»»  oa- 
nmlnt^fl  <M«  work  i^arvfully  md  haio  comp  lo  llip 
rn  11(^1 11  (ton  ilifti  li  ]>  tnomoncoDolM,  dirt';c  and 
ahtn  ImnllHi.  (hnl  has  nppuaced  mi  Uli!  lubjact  nf 


ComU  on  Syphilis. 


SyphlllB,  Itfl  Morbid  Anatomy,  Dlagnoala  and  Troatmoat.  Br  V. 
CftSSTL,  Pnifr-tiiirtotitt-  FstnltTof  Medi-Hno  of  Piirin,  mid  Phviirinn  In  tho  l^nirrine  Him* 
i-ii.d.  Si>«t-ially  revised  by  the  Author,  and  truuUte^  witlt  ih>l(»  uid  tuldtlions  bv  J. 
Hkjiry  C.  SiMii,  M.  v.,  Deruonslrator  of  Pathological  Fiistologj  in  the  ITnlv.  of  Pa., 
and  J.  Wn.i.iAM  Wrtrric,  M.  D.,  L*ctiinT  on  Venereal  !';■*«»«,  tJnir.  of  P>.  In  one 
haudaonie  vclnvu  volume  of  461  pajjua,  with  84  vary  beautiful  illitaLnLtiona.  Cloth,  13.75. 
The  anakiniy.  th«  htataloKT,  tha  pathoktsy  aiid  paniiuiS  without  tha  faallDg  that  hia  RTiap  of  tba 
tha  ellal«al  faanircR  of  ■yphlllf  are  t*prM*nied  Id  wide  and  tmpenanl  sDtjMt  ca  wblen  II  traats  la 
■hi*  work  fo  ih«<r  bsai,  Tniwl  ^irartllcal  and  moat  «  atroBn>r  and  iDnT  Bam.—7Jit  Lonifo*  ^rnttt- 
innTru'-'.iio  fonn,  aad  do  odc  will  rlaa  from  ll«  I  Uomt.  Jan.  UM 

_HatGhinson  on  Syphilis." ^^ 

^P  Syphilis.    Ity  Jo.\ATKA.t  Htrciiutsoir,  F.  K. S.,  F.  R.  C  Si,  Cocuolting  Sut^ 

VIpoa  to  the   T,nnilnn  HocipJial.     In  one  12mo.  Tolnme  of  642  pages,  with  8  chronto- 
I     PkjtHpaplHL     VlMi,  fi.-S'}.    Hee  Stria  of  aimeai  llfawuaiM,pmg»aO. 

I^oeewbe  hare  *aeii  moti  of  tho  dliea**  and  I  bet*  aiid  ttmeattofw  wlil«b  abound  la  lh«*« 

flioao  wbn  hara  Willie  rral  dll(icti)l[r»  of  •Jlagno-    pngaa.— JLmdoii  Vadlcaf  Ji«wrd,9'ot.  11,lliST. 

»U  and  trMlmeat  will  tntwl  hlghlr  appre'^lalo  the  | 

Gross  on  the  Urinary  Organs. 

A  Practical  Troatiso  on  tho  Diseases,  lojurios  and  Halforma- 
tfona  of  the  Uriuary  Bladder,  the  Prost&te  Gland  and  the  Urethra. 
By  fJAMiEi.  D.  CrEOBS,  .\|.  If.,  LL,  D.,  !>.  C.  L.  etc.  Tliini  wiiUon,  ihorwiiKhly  revlaod 
by  Samuei,  W.  (•rwr,  M.  D.     lo  oneoctneo  rol.of  ft74  pp..  with  IJO  iilii*.    Cloth,  f4.M. 


FOX'S  KrlTOME  op-  SKIN  nisRASFS*.  WITH 
r>iR}iri..F..  Third  adliloo.  ravlted  aad  «a- 
larced.    In  onoUmo.  tol.of  Lf:iSpp.    Clotti.fl  2.^ 

BILLIRR-.4  HA.VDBOOK  OF  SKIS  DISBASES; 
rotStudvciiaaiia  PracUtloDoi*.  8M(ind  AmarU 
CBD  adlilon.  I  (I  oD«  iscoe.  volume  of  39t  iwcaa. 
mltll  Tilalfla.    Cloth.  tK.3ft. 

HILL  ON  8  If  PH  UAH  ««>  LOCAL  CONTAGIOCS 
DlBORDERa  lDoaeaTo«ol.of4Tnp.Clolli,tS.3S. 


I.EB*A  LBtrraRRB  ON  BTPRILia  AND  tiOHB 
FORMS  OF  LOCAL  MSEA8E  AFFECTIVO 
TBB  0B6ANB  OF  OBMBRATION.  In  one 
tiwn  oiliime  nt  M«  pam^    Clolh.  tL'ti. 

WlIi'iiNs.siriiKN'rgBOOK  OFCt'TANEOlia 
U£fiK-l.vS  A.ND  BISBASES  OF  TBB  ^KlU. 
In  cat  hacdaoma  wcnall  octavo  ToJunta  at  UA 
|)aga«.   CI«lb,t3JtO. 


Z.ea  Brothtrt  i  Co.,  Publithwt.  706,  708  4  7tQ  Sonsom  StreM,  Pb<\iid*\fih'»v. 


Taylor's  Clinical  Atlas  of  Venereal  and  Skin  Diseases. 

A  Cliaical  Atlas  of  Veuerool  uud  Skiu  Disoafioa:  IiijI'iiUng  Ktf- 
nooM,  Prognctti*  ami  TrMtmeot.  Br  KonutT  W.  Taycxir,  A.  M.,  M.  D..  l  lininl  Pi»- 
fefior  of  {iemlol'rinirj  DixiMCi  in  the  L'otlege  of  PhT«icwi»»  wul  Surgoin*,  >"«w  Turk, 
tn  «if[ht  lar^o  M'm  patts,  and  ooiii]jriHtDg  5S  beBntifullj  wtorvd  plain  wilfa  213  finn^ 
&ii<l  431  |MigCK  of  Iczt  with  86  eiwraTingA.  Vrlct  per  part,  $2^.  Hound  in  one  Twtou, 
half  RoMiB,  f  S7  ;  h&lf  Torksj'  Morocca  $^  Far  vHt  by  mAto^ptum.  oKly.  Spcctttn 
pltte*  wot  on  nraeipt  of  10  c«nte.     A  full  praep«ctas  sent  (o  any  addnv  oo  appUMtito. 

U  would  ba  hani  ta  1IM  irorda  which  would  |i«f    BludMlMaAiwaiOAtheMtrai'  ■ollfkekrail^llM' 
■fitoaaiMlT  •Doaih  covtw  u>  lb*  r««dar  ik*  cr«at 
valTMortlib  CIMMI  AUn*.    ThU  AUm  la  niftr« 


oociiplM*  «*)>a  than  an  ontlnarr  Doarao  of  ellnlml 
iMturci^  for  in  do  on*  c«I1«k«  or  hMpllai  Mwinic 
la  k  at  all  jinibatil*  Dual  all  of  Ilia  dlaoKMi  )i«r*lD 
nprMCDMil  vonlJ  (•»  HMrn.  El  \»  kIoo  rnoro  *«r- 
vicaabi*  to  th«  m^lorlly  of  iiuitenu  ihrut  alOiul- 
anM  Dp«B  clloloal  ImUii<»,  for  mn>t  ot  Uva 
flad«iiU  who  all  on  mmuM  imii  1b  Hi*  laeluro 
hall  cannot  ■•»  ibv  aubjotl  a*  wall  a«  111*  oRtea 


ographa.  Compaiiog  ihi>  I'li  ut  •  laolww,  H  l« 
morotMlahcinry  Id  f>i4rio«]t  uiii  fdllataa  Uu 
ha  would  ba  llkal*  lo  t*  Iii  lai^iurfitK  "^vraitHl* 
caM.  ladMil,  Ibln  AtUu  I*  ta*al»atOr  M  Iti*  Ira- 
aral  praetlliiKiar,  Air  il  Miablaa  ih*  tj»  ttflhf 
pliv«tclan  la  n>ak«  dla(iia«t>  of  a  Klvaft  oaM  t( 
•kin  manlfaalMlno  by  comparing  thw  ea«a  w&h 
lhi>  pldura  In  Ihr  AUtti,  whare  will  t>*  tbaad  (IM 
ttia  l«it  of  dlacnual*,  paibulou^od  fall  ■anioaa 
on  IrpairnmL—  I'lrffiMia  MnU«ai  JfanUJy,  DatLlW. 


Jackson's  Ready-Reference  Handbook  of  Skin  Diseases. 

The    Boady-Roferonce    Handbook  of  Gi&eaaeK  cjI    cho  Skla.   Itf 
GEOKxiE  TitnMA.s  Jack^n,  Si.  D.,  l'rAf<e^ti.r  of  l>ennatolwT,  Woman's  Medical  OiUBcil) 
oflhe  N«w  York  InfirniurY.      Tn  one  12iut>.  Tulum«  of  S44  [>BK«r,  witJi   60  lUili 
aod  a  Qolorod  p1at&    Ootli,  t2.76. 


InUadad  lo  •err*  ••  a  f«faraDM  book  for  (h* 
naaral  praodiloD«F,  "ae  aM««DM  haa  twoa  ntad* 
to  dlAcuaa  dobaliiblo  qntatloaa,'  aod  "hanoa  p»- 
tiLology  and  aMolOKy  do  not  malt*  aa  ful  I  eooald- 
erallon  ••  lymvUimatolOKy.  illagaoala  and  tr«al> 
mant.'  Tlia  al|>)i«l»i!eal  BriaDKaill«atOf  dtt(*Ma, 
lo  unU«r«aI  now  In  U-r>kii  ft  tKia  rlaaa,  haa  baan 
followad  tijr  r»r  Ja^kfwri.  AfWr  ii  abort  and  ooa- 
donaad  uwiKinl  of  lbs  anaUmj  and  pJijalakiQ'  of 


tb*  akia,  tha  author  firaMols  a  Mv  oMm  vt  mm- 
■non  and  pvaoileal  itniHiriBaea  oa  diasvoal*  lad 
ihcrapeutlca,  whkb  kra  tbilavtd  bv  bU  waO- 
known  nad  uraptiic  danaalnloBk*!  "  nocta.' 
Part  11.   ircau  In  alpttabMtral  orMr  ofiba  dM- 


book 


of  tha  akin  aoa  Ibalr  aoaaagaroaat.     Ah 
aMma  lo  n»  the  beat  ft  It*  filaM  thai  hi* 


»al. 


'  Ut,  UVi. 


Pye-Smlth  on  Diseases  of  the  Skin.— Jnst  Ready. 

A  Handbook  of  Diseaiteft  of  the  Skin,  ily  i*.  ii.  PvK-SjiiTn^M.  D, 
F.  K,S,,  Plivviciau  lu  Ciuj'a  Ili«pital,  LoiMlbu.  lii  ooe  octavo  voluiuv  of  407  |*f*<i 
with  2S  illiiBtniliana,  18  nf  which  are  colored.     Cloth,  i'i.GC. 

tl  la  iplalo.  practical  lr«ilt>*  oo  dannatoton'.  '  adTancaa  made  In  llUa  daparVnanl  nt  ti.cdlelar, 
wrlllvn  (or  Iho  iludeiit  and  itaiiFi.'l  prMrtHloDar    hp  p>y<i  a  milled  eo«pJlm*'ul  i  -niar 

bra  K^aaral  Di.iciUloiivr  of  brnart  <'«p*rl<tat«  la    is-uiribatlc^ni    mada    hjr  iba    n-  "I    of 

the  Bticciikl  MibJMt of  which  li«  wiiles    Ha  ■Iciiitl'  '  deinsaloloir,  thblofAtncrkik."--  / 
Baa  tha  ooinonelBiur*,  nod  aBceatda  lb  ratnoTing  '  Afwd,  Juow,  IMS. 
much  of  the  dlllicilKj.  After  rcTlawloi;  tba  reoenl  I 

Hardaway's  Manual  ol  Skin  Diseases. 

Mauual  of  Skiu  DiStiaKCit.   Uiili  .nik-cj-iI  K«fer«rc«!to  riagnoMdaadTr 
mtnt.     Kuc  UnjuecofScudciiUand  GfiK-ml  rrootitioncr*.     !U-  W.  A.Habdaway,  .M.  1 
ProfesMt  nt  -Skin  DiaeoMs  in  tlie  Mi*.ioiiri  MccUtalf  oUfpf.    litmo.,  410  pp.   Cloth,  fSA 

Dr.  Ilardawaj'a  Urga  «i|iarl»nca  &•  a  trachar    ambrncro  all  •■tanilal  polata  coanactad 
aad  vrittt  haa  adtnlrablrflilad  him  (orihadlffl-    dlaaanlit  and  trtuimaDt  of  dlMaaftcT  ^ 
null  lank  of  praparlns  abooic  wbloh,  wblta  onHI-    anil  wa  haia  aa  hoaltatloa  la  eiHiUBaai 
eleatly  etcmeaiafr  fot  tli«  iiadaat  U  rat  auffl-    iha  baM  mafinal  ih&l  Ivaa  tm  aaaiaw* 
claally  thorough  and  oooipiralMioilfa  ui  ■*na  n>  a    dapMiniani  of    Madklaa.'*  JiwiTwa*  *f  Oa 
bcok  of  rofertiiM  for  the  ic(>n«ral  prafiUiooer.    It    a*d  CmUO'  Crinary  Pimbim. 

Hyde  on  the  Skin.— Second  Edition. 

A  Practical  Treatise  on  DiBOSsefl  of  ths  SUn.    For  the  use  of  Stnd 
nod  Practittonara.     Itr  J.  NevimsJIvhk,  A.  M.,M,  I>,,  I'rofnwirof  rVriaaldUigj'  aiul  \'»t 
•ronl  DiaMBas  In  Kueu  Uvdical  <JoU«vc,  Chia«a.    Sevosd  t^liti'^n.    lu  vd«  wuiro  vuluma 
cf  076  p»gt$,  widi  8  colored  pLatM  and  86  UluBlraUow.     Cloth,  $4^;  leather,  $5.60. 

Hta  Iroattaa  l>  Ilka  bla  clIoiMl  iRatniotton.  Tha  prascrlpttona  aad  fermulM  ara  glvwa  In  bcti 
adtnlrahlj  arranged,  aitractlfs  In  dlciion,  and  commoa  aad  oaule  >7aMR>">  AIMsalhar  U  la  a 
Blrlkluitlr  araoltoal  ihrouaboiit.  Nn  rlMrar  da-  work  nsMily  StMd  to  tba  aaadaof  aamaral  pra^ 
aeilpUon  of  Iba  vartooa  nrlmarir  and  coaaBcnllve  UtlotMr,  and  no  «aa  will  maka  a  mlMaka  Is 
laatoaa  of  (ha  akia  la  lo  W  M9(  wKh  nuywiiwra. 


«)M>ln|  II.— Jfad  |VaM</  ir«ir(r>  X.T^Jattm, 


£ 


Jamieson  on  Diseases  of  the  Skin.—Third  Edition. 

Diseases  of  the    Skis.     A    MuiuaI   Tot    SluJciiU    <ni)    l'nictttioo«t«. 
W.ALtJtiT  Jauib^iv,  M.  I).,  [«ctnr«ron  r^uoaMof  the  Skin.  .School  trf'Medicinr,  Ed! 
Uugh.     Third  ediLit>D,  reviMd  aod   enlar|^       In  oue  octavo  aoluma  of  666  yog**, 
woodcat  and  9  double-puite  chromoiilhOKraphlc  Ulustrationn.  Cloth,  19.00. 
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Tba  Rnl  adltlon  of  tlila  work  nppaairil  la  Iivu, 
und  ih*  fa1i»wtoa  Toar  •  aaooad.  Tba  »onf>ao(  tho 
work  I*  aaaoailailr  dlalcol.  hula  rataraaca  faalna 
nsda  w  vathohtcr  or  diaauiad  thaorlai.  Almoil 
•*a«7  aubjael  la  hllowad  by  lllaatiatlTa  c«aa« 
takMi  from  tb*  'laihor'a  praoilaa,  nad  tba  twa4«T 
laroartaDtly  ramtndod  tbal  ha  haa  bailor*  him  • 


racoi'l  of  Mraoaal  *ap«rl«B««.  Tha  ytmn 
Bll*d  wlib  IniarWBi  loidl  ihoaa  oeauata^  wuh i 
■tUeoMK.  The  K«n«tal  praetlU«ar wtU  tail 
book  o(gr«'<t  *>itua  la  wattaw  t4  dligioaii 
Irrntmaoi.  The  lulMr  li4allaaBia4i»bi*4 
rornulw  hx**  baaa  aalaaiad  wlih  eaiw.— JM 
iI<Mrd,  April  t>,tSK. 


Ita  Brothtn  A  C«..  Publi«h*rs,  706,  10S  L  710  Sontom  «r«*t.  nibuhti 


The  American  Systems  of  Gynecology  and  Obstetrics. 

Systems  of  Gynecology  and  Obstetrics,  in  Treatiaea  by  American 
Authors.  fijnrct'ldRTpiiiiwl  l.v  Matthew  I>,  Maxx,  A.M,,M.D.,I"r(>f«wiirof  OUltlrio 
■ikI  Ctvn(?<x.>Iug7  in  iLv  Alvdinl  DciMuiment  of  the  Unjvcnit;  of  Buflalo;  utd  OL«l*t- 
ricM  Mlitctt  br  Baiitok  Cooke  IiiB«',  M.  D-,  A»ociale  I'rofMsor  of  Obotetrics  in  th« 
UnirenitT  o^  PvoiurlTxnia,  rhilai]«lpbis.  In  four  rery  lianitaom*  octaro  voluniwi,  coa- 
taloiag  39I2  pigw,  1062  rogriTtiiKB  and  8  platee.    CompUtc  ngric  turn  ready.    Per  toU 


Dme:  Cloth,  ^MO':   leatherT  $6St6)   h&lf  l^Mia,  (7.00.'    For  aaU  by  tubxrifiluM  oniy. 
Addnm  (Ac  PuJbltMMr*.     Full  cLescnftiT«  ciit^ilar  fr«e  od  xpplintion. 


Tlivw  volamw  uvthcwmtrlbiKloftvoftlifl  moai 
•ttlnvDl  s«Dikineii  of  Uii»  couolijr  in  tb«M  ()•■ 
p«nin«Bt«o[th«prof*Ml0ii.  EMhooairtbuMrpr*- 
Mala  B  muuogiaph  upon  hin  upeeia]  (opl«,  mi  UiHt 
•varTthlDg  la  III*  «■/ omixory,  th^oTr.nalliodf, 
Uid  rMUiu  1>  prviealcd  to  our  tullvni  nved.  Ai  n 
work  of  (•nani  r«hr«iio«,  it  will  b<<(ciin!l  r«ffiuk»- 
blyfUII  ■□(!  [nitrnctlfa  In  crpr;-  dlroFiloii  of 
UmuItt.— 7)l<  OkiMwit  Oiuiti*,  S(<).i«mb«r.  IBM). 

Oo*  in  *t  a  lo«a  la  kcioo  what  la  any  oT  Uiia  rol> 

time,  tot  {e^r  ihn  Jniniind  (nsrif-d  prdlff  niayb* 

itili>1iik*n  (or  llaltarjr.     The  papvr*  <3(  Iiri.  Eogel- 

rakUD,  >I«niii,  Hkn't,  JuiKaTilaiKl  IlceTeu^lnoom 


Ua((«4  t!Ul«a,  tli«ctitnrt«TDf  th*  roll,  (b*  biko- 
nan  and  ciuldtn*  of  che  people,  etc.,  11  !•  pecnl- 
Ivl]'  adapt*^  tv  lb«  wauts  of  Amcrlcui  pnciltien- 
e™  of  medicine,  and  it  leemn  lo  UP  thai  orpry  ooa 
«f  tlicBi  would  dttlro  to  hkTf  It."  ETvrf  wprd 
(hui  excreUMl  In  ranrd  lo  (he  "AmerloKi  Svt- 
l«ni  of  PrHiloal  HwlalD*"  I"  applloablD  lo  ib* 

"Syrtem   of    Ofnacolog*  by   Atni-ripan  Authnta." 

II,  Ilk*  Ui«  olber,  hM  bean  «rltL«n  fscIunlvtlT 
t>*  Am*rica.a  pjijalelaii*  who  ve  ac^iisfoted  «)tn 
all  ttierhafBatArMtluof  Ain«r1cAn  p4hoplB,whoar« 
well  Inrarmad  in  rasikrd  to  tba  p«eDlfarUiiie  of 
AniBrlMD  women,  (h#ir  (neaaar«.eaMorn»,  tnodx 


pkrabljr  Ivjrocid  moj-thlng  that  eao  b*  fixind  Id    nf  litlbB,  etc      A*  ormij  pianlnlng  [ihyiil'^Ua  1 


AttCjtiolwn,  Sept.  1.  tHU. 

la  our  noiirp  of  ihe  •■Sy»t*m  of  Pn>rllr*l  M»!ll- 

clu«  br  An)»r!r:iui  .^utlKin,"  ire  made  the  roIloD- 

l3B  Hatemanl:— "It  Id  a  w-vrlt  of  willed  ilie  pr*- 
tmt^\nn  in  thin  eDiinifj'  ■^■-i  f">'  prDUd.  Wiiften 
•iclunivelr  tj  American  phyplolaoi  vho  are  a^ 

qiialrteil  wllh  all  the  ratieilei  rif  (?tltnale  In  iho 


called  npon  to  treat  dfnsa«Mi  of  female*,  and  u 
(hn  DoDsiltuta  a  olaM  to  which  Ibe  bmlly  phf- 
elclaii  raiMt  aUe  altenllAB,  and  eanoot  Mf  over 
to  a  ipudattiL  ire  do  DOI  hno*  of  a  irorV  In  •nj' 
deparimeDlof  medklnsthBtweihoflld  MutroDglj 
rHiominead  medlral  men  wnarally  purabailiig.^ 
anciniwli  JTaI.  .Yeiri,  July,  itlST. 


P Emmet's  Gynsecology.—Tliird  EdiUon. 
The  Prlnoiplea  and  Practice  of  Oynvcology ;  For  Ui«  n««  of  8tud«ou 
■od  Prat^litionem  iif  MtHlitine.  11?  TnoMXS  .\i»riis  Kmhet.  M.  I),.  LL.  1>.,  ftwrgeon  to 
the  VVoiiihu'ti  HiBjiitiil,  N*w  York,  cic.  Thinl  cHlItinci,  tliorottiflilr  r«vw<^!.  Id  on* 
luv*  snd  verj  huidiwme  Svo.  Tol.  of  S8I>  pp.,  wilh  160  illtis.  Ciaih,  |<5;  lullier,  $9. 
W*  are  la  doubt  whvlhet  to  oongraialale  cb*  i  the  pritllege  thm  offered  them  of  peinilH  lb* 
Mitbor  more  tHan  Ui*  proftMlea  upen  the  appear-  viaira  and  prai^tlee  af  tbe  author,  tlh  eartMamen 
a«o*of  the  ifairdMlltianof  thie  well. known  worlc,  |  of  purpoee  aoil  aoiiMl«allotUDe<«  are  manlfNt. 
Bmbodrlni,  ae  II  doea,  lh«  llfe-lMif  experience  uf  i  fie  gifes  not  ooly  bin  iodlrlilu^  eiperleuee  but 
OOP  who  haa  «oa«plraou*l7  divllagtihhed  hlniBnif  •nUoaTore  lo  rf  prevent  iti*  aviuaJ  atale  of  trom- 
m»  a  bold  an.ll  i<iicoes>flit  ojierator,  ami  wbo  !>■■  colocli^al  eeieoinv  asd  art.— SrifuA  Mt/UtaiJour- 
il*Ei.ti«il  m  iiiupIv  meniloD  to  Ihe  apn.-Ullf,  »•  fiof,  May  IB,  IIW. 
leol  iinre  Ihn  pirif*>Mliiu  nlll  not  fail  lu  apjireciale 


if 


'aits  Diseases  of  Women  and  Abdominal  Surgery. 

Diaeasea  of  Women  and  Abdominal  Surgery.    Br  Lawhin  Tait, 

KR-C.  S..  I'rofwsorof  <<_Ytirfoology  in  Qnecii's  (Vitle(ce,    nirmiDglinm.   late   I'reeident  of 


h  GyoecoloRiaJ  Soclolv,  Fellow  American  UyiUKCOlociaJ  [Society.     In  two 
>.    Vol.  I.,  5M  pp.,  62  engraviogu  and  %  plstce.    Cloth,  $3.    Vol.  II.,pr(j)arin;. 


the   Krideh 

OCttTO  vol*, 

The  plaanftha  work  doae  Dollodleale  Ibe  regu- 
lar BT*t«m  of  a  text  bMk,  and  yat  nearly  erary-  ' 
tbini  of  dliMUM  parralnlnR  to  [he  «arioiM  nriii>ii« 
noMfHklUr  coa-ilderatlon.    Tbe  cliMerlpltnn  of 
itoeaaed  condlilna*  t*  axoeedlnKty  plear,  aoJ  ttt*  , 
trwtumt,  medical  or  DurglftAl,  Ik  rery  ^Httiafaclory.  | 


Uueb  of  the  t*st  le  abaDdanily  Ulaaiiafed  altli 
eaeeo,  which  add  ralna  tn  ihowlng  the  reeulta  of 
(be  auKKaatad  plana  of  iraatineDt  Wa  f*«1  «an- 
(ldf>nl  lluu  few  ByBMolojclala  of  lb«  oonatty  will 
fall  to  pla«e  lh«  wwrft  to  (lielr  Ubnulea.— 7%4 
QbiWric  ^oMite,  Xareb,  1890. 


,Edl8  on  Diseases  of  Wranen. 

I  The  SlBooaes  of  Women.   Indutling  thtir  Pittholugy,  CViMtion,S7in|itoiiia, 

'"Difnowia  ami  Trvaimeni.     A  ^lanunl  for  Sluilrnte  nnd   Pnwtitionen.     Rv  ABTlim   W. 
^"  ,SI.1X,  I.or.1.,  FR.CP.    M.  K.  (_■>.,   .\-siMfmt  Olwtelric   Phj-wcinn   to  Mtddlwex 
lul,  Utu  Plirniciiiii  to  Brituh  Lying-in-IIuepitiil,    In  tme  huidwrn*  octavo  volume 


ofKHpagen,  with  l-l>t  ilhiittnitionii.    Cloih,  f».OU';  leather,  H 00. 

Tbe   apeelal   qualltiea    whinh    are    eonaplRUotia 

arc thoroQKh !)•<«•  tn  oi*erlng  Ihe  whole  ground. 
elearoMB  of  dencrtpiioD  and  conolaanaaa  of  itat*- 
ment.  Anotfa«r  marked  feature  of  (be  book  U 
(he  alien  Lion  paid  lo  the  detail*  of  maay  mlBor 
aiLTglcal  operalloDB  and  procednree,  aa,  fot 
Inatanca,  th*  uae  of  tent*,  apphcailon  of  lacwea, 
BDd   iu«  of   bat   water   IttjecUooa.      Theae  are 


amonK  Iha  mar*  eominoct  inetbodii  of  treat" 
tnent,  ai»d  y«i  verr  little  ta  Mid  abonl  them  Ia 
many  of  tba  MKi>baaka.   The  book  b  ana  to  be 


warriUy  rMommended  e«pMtaUr  to  eUidtBta  atd 
geoerd  pmetttloneriL  wba  need  a  ooneln  but  com- 
pIMe  Hmtint  tit  tbe  wfiAle,  BDbleet    flpeeialM,  toq. 


will  Acid  Euaoy  aieftil  blnuln  lla  f«caA— Anion 
ifid.  and  £hrg.  Joum.,  March  3;  1888. 


BODGE  O.V  niSEASKS  PBCULIABTO  WOMKlf. 

InoladlDRPIapUeementaof  Iha  I'lcroa.   ti«cond 

•dItloD,  raTlaMl  and  enUrted.       In  one  beaotl' 

^H      ">">'  prlDUil  octaTO  Tulunia  cif  SID  pagea,  wHb 

^B    original  111 nairailon*.    Cloth, HtCl 


WESrS  LEcniBES  OS  THE  I-ISEASES  OF 
WOMEN  Third  Amerloan  frain  Ibe  Uiirdl«ri- 
dooedtlloD.  In  oneoclaToealuma  of  Ma  pagea. 
CI«lb.V.TS;  ladlber,  HTb. 


L»a  Bnt/nrg  i  Cq..  ^blitbtra.  70S.  JOS  i  710  Sanwm  Str0»t.  miatltl^hia. 


Thomas  &  Mnnde  on  Diseases  of  Women. —Sixth  Edition. 

APracTicoI  Treatise  on  the  I3isoaao3  of  Womon.  I;/ T-'Iailuu 
Thoma",  ''i  I '  ,  l.i .  h  ,  I-  rii-Ti'i-«  l'r.:li'wMtr  <if  I^tDentw*  nf  W^aicn  in  ll»e  (Villo^  a{ 
riiyslcisD^i  :uiii  Mugfi'ii-  ^■l:»  V'irl;,  .iiiii  I'aul  K  Ml"M>E,  M.D.,  rrof«i*ir  of  Gtaccd' 
ogy  in  the  New  York  Polyctini*^.  X«w  (sixth)  edllkiQ,  thnmughlj  rerlned  uxl  rrvritus 
hr  I)k,  Ml'xtiK.  In  '>ne  Iiirgv  and  hmoiiHini*  octaro  vnliiHie  of  8*24  |MgC*,  trilk  HI 
Ulu»nitioDg,or  which  'iOl  arc  Deir.     CUitli,  $0.00;  Icnthn-,  $4.00. 

Proliably  no  titatlu  »r*r  wTltlnci  by  aa  AmeH-  |  l<r  ftnd  vftonltAc  ■tAlemrnl  tntul  rcrcAbi  WbU  tt 
CML&uihor  on  •  m*<ll(»l  tof''^  '>'*>  twen  acoept^d  1  IoarIiu  tiean,  KFtasdard  Mit-book  boib  tapn» 
li;r  inarA  pnif  iltlanor*,  B>  a  ■tandaril  Ui^boMt.or  titlonet  Kod  MudMii,  al  toin«M)d  aimMd,  UM  tt 
rMd  Witt)  pteuur«  «iid  profl;  by  nore  in»dlieil  vBdariiiR  prid*  t«  Arnvrlcan  |7iimo(0|M>.  ts  i 
ntudvntii  man  TIidiiuu  on  thvdlMrwHUDrwoiiMii.  '  t»li  hj  no  mcaai  new  or  wantlac  tk  twanlit 


h'«st  to  til*  itKMwribfttrlft  chana  of  IbMBiUR  lo 
Dr.  Thomaa'  loctnr**  and  clialri,  which  haT*  In 
ihcm  lite  el»m«at  ot  a  caiiiiratiaK  and  Infrpiriox 

|>«r«ioaUii-— wIiIpIi  mum  im  heard  and  rait  to  b* 
prpp«rly  appreciated— Is  thli  Totume,  whl«h  Id 

clniipoi«in«ini-«,  *l*gan«a  nf  itlPllon  (mil  »ohrj!ar- 


acbl«r«tBiDl,Dr.MnD4t  baiMldwd  tohUtlNMr 
rnilablfl  tspotaliao  bjr  iIm  n>Hi»*r  In  whleb  U 
b&4  a«|ig]u«d  himNlr  Id  mi  aBdarl«kU>c  aiaM* 
■o  dallcati'  and  dliDcall  and  tor  wbtcb  iMwO 
nt'tlrf,  at  (tie  hands  of  th«  pralVMloo,  tbur  » 

lfa:>i>|pi.li:ninnt.~71ia  Srootiyn  Jf«t /ew,!  SlaK  Ifc 


Sutton  on  the  Ovaries  and  Fallopian  Tabes. 

Surgiaal  Dueases  of  the  Ovaries  and  Fallopian  Tubet,  iooludlcK 
Tubal  Pregziancy.  Itv  J.  Blam>  Sutton,  F.  R.  C  6.,  .islsuat  :SurKecn  to  ih« 
MlddlcMX  Iio^tal,  LoiuwiL  In  one  crown  ocUto  rolmne  of  &ii  PH^  '"^^  t" 
eii|^Ting«  «iii]  6  colorvd  pinto-     Cloth,  $S.ltO, 

To  Kre<^M1■lgl>t■  thti  namtr  at  Mr.  Kntlon  tia.i    that  Ibe  wrltAi  ha»  to  M7.t*  »*M  1*.  •  elMT. 


« 


looa  l>»«iii  runilllar  »a  (hue  of  a  ooilBClvullOM 
WOtker  la  pelvic  iiMtiatngy,  oa  ■all  a*  a  coicptra- 
(Ir*  aaat«inl«l  or  wida  rvputailau.  Tlis  j>t*MBl 
vft'URie  aoetaln*  tho  nobalaaen  ot  Taliiable  paper* 
whieh  h»Ta  b««D  KPatt^red  UiroujcliUUl  Journal* 
And  aoeietjr  tcp<irla  ilaring  thn  pa*l  fWe  ai  *li 
j»\n.  ami  derer*««  th*  wrvAtl  auieailoti  of  mm- 
frial  t#aiilen  a>  aell  a*  nf  BprrlallBia.    RfwrjrthlDg 


priunlMl  nay.  The  aulhor'a  ■»!•  la  alefnlariT 
eoaetaa— «Jm>wl  eplcmmnMlc  ScMMDCwiawkkk 
la  n  !•«■  weljthiy  aMUi«ncv  mlgtit  Bppu>r  uo  Aif 
maile  aallkei  U-iet  by  the  putjure  nuanw  U 
wblnh  tnf>y  Mf  imula.  W«  kava  tiahvaltatJoa'' 
pronoun  ring  it  tlio  b^il  laanovmph  of  lb*  k 
wliloh  ha*  y*i  ftpiioAiwd.— JftBiaa'  ttatawA, 
York,  Hay  ::i,  IflU. 


1 


Davenport's  Kon-Snrgical  GynsecologT— Second  Edition. 

Diseases  of  Women,  a  Manual  of  Non-SurgicaJ  Gynecology. 
Dedjgned  Mpwriallv  for  Ihf  L'-"-  "t'  SlmlfiiU  aiul  (Jenwral  I'raclitionera.  Ilv  Fbaxcis 
H.  DATBKroRT,  M.  D^  A"i"inni  ir.  'iyiii.roltHfv  iu  the  Medical  l>epurtuiem  of  Ilannrrf 
I'ntTenlty,  Ro*t«n  N«w  ^M-cAiktl]  Mlitinn.  In  one  handaooM  I2ino.  volume  <jf  814 
[Mgea,  with  107  iliii»lniiioas.    Cloth,  tl.75. 


Tb«  fitut  ■dillon  of  Dr.  Darenpori'i  bonk,  whleli 
waa  pabllfhcd  thne  yejra  aRo,  etidCDily  id«i  with 
tba  rM!*f  tloD  It  d»ar(*d,  or  Iha  'Mond  adlllon 
would  Dot  baT«  foUont-d  >■<?  «»mi,  Tbc  title  la  ad 
allraullTB  on*,  and  Um  iiorilanln  am  i>r  laliio  [»  Uiti 
elud«ol  and  tpteaeral  praoUiloDcr.    Qi3«  ad*aoiaK« 

ot  ft  lalhst  li  tcBfihaa  Tho  ptiytlrlaD  nf  thiailiJilant 

how  10  do  the  llti!«  thinxa,  or  bo  nMnedy  the 
mlBor  erlla  In  ixinnoLiJon  irlib  gyiuH-inlosy-  In 
tbeoe  days,  when  mijor  gyaa^ai^fy  1.*  no  Urgtety  i 


pmcUawl,  minor  gyamiMlogj  la    tiM 
Ignorvd.    To  iboM  In   tba    pfofeMlon 
about  to  Inlaraal  Ui«DiBe1ir«a  lArlleulart*  : 
hrnncb  of  *unc«r7,  "ud  to  tba  "".Utii  niioi 
fij'.iiii?  lntFodB  lo  make  ijrniK''' 
we  b«ll*vt  that  I»i'r*apori'»  bo ' 

tci  hi*  ■uciviB,  bPTsane   It  will    

wnieb  larvvr  wortte»am*Um**lKBoi«.— 7<Mn«» 
piatk  Oauatt,  October  15,  MS. 


Hay's  Manual  of  Diseases  of  Women.— Second  Edition. 

A  Manual  of  thcDlBeases  of  Women.  Iieing  «  minrUe  and  •jrai 
extK-siiioQ  of  the  theonr  ami  jiracune  nf  Kynecologv.  Uv  <_'i(Aki.cv  H.  Mait,  M-D." 
Lite  Ilousi!  SiirReou  li>  >to)int  Sinni  lto«i>itd,  New  York,  ^^oond  <^)idoD,  oliU^  bj 
L.  8.  Rac,  M.  ]>.,  AtteiidiuK  Cirii«col<>|tiBt  at  the  llflrlem  IlfWjiitJil,  X.  Y.  In  nne  I2n» 
volume  of  360  pagef,  with  31  llhiHtrattons.    Cloih,  SI.75. 

Thin  U  a  mauoal  of  Kynarologj  In  a  Tory  eon-    rnpidty  but  faa«  not  tfae  tloM  W  OMiauJI  taffM 
daiifed  totta,  uicl  tbe  Sen  tUM  a  i«w)d4  ■dlilon    worlm.      U'e  an  much  ■ctu«1c  wltta  Uw  iwwlla«H 
bia  b«ea  cdbd  tor  IndtnaMn  lba(  it  haa  mat  with 
■  bTorabt*  TwMvthiB.     It  la  Intonded.  Uh  author 
tail*  aa,  to  aid  itia  utMdant  who  afUr  having  ea.f- 

tUllv  p«TUMdlaii»'r  Kork;-  doslroa  to  rBTiew  tho       _ _ 

anqooLMid  haaddtthat  linnyh*  aaafol  to  iho  '  pitrpoam  vary  aatbhelorlly 
praodluner  wbo  wUhet  ta  reiraah  hU  miaoty  \  liirttam,  Jaa»,  UW. 


and  coBTvalanoo  wIDi  which  on*  oan  rvfar  lo  va 
aubJootooBtoliiadlnthlatroluiiM.    OarWiiMxi 
plloJ  lodoiwt  aa4  anple  lllualrallaaa  alaa 
t))«  work.   Tbia  anniul  will  bo  R)aa4 1«  I 


Duncan  on  Diseases  of  Women. 

Cliuical  Lectures  on  the  Dmeaitee  of  Women;    DoliTeml  in 
Bwtbolomew'8  Htw|)iuL    B«  J.  MArniEws  1>lkcah,  M.U,    LL.  D.,    F.  B.R.B., 
In  one  ocuto  volnme  of  17A  )»f«3.    C'lolh,  $1.50. 


Tb«v  K*  Id  orory  way  worthy  of  iliotr  author : 
laJaocl.  we  look  Mpao  tliorn  h  atnoag  itie  tt>o*t 
«»l(iable  of  bt*  eootri'builona.  TTioy  aro  all  upon 
matiorvor  Kr^oti  TntarauL  lo  lh»|<>iti!>Tal  prwelltloner. 
Borne  of  tlieu  d««l  with  aubjoot*  thai  aro  not,  u  a 

A8Hn'ELL-M  PRACTICAL  TREATISE  ON  THE 
DISEASES   PBCrUAB  TO   WOMKS.    Third 


rale,  iMloqn«lalr  handlad  lu  thw  lait-bookaj  i 
orttwm.  wbtla  bMring  upoo  toplo*  ihatara  n 
Iranlad  of  at  Uncth  In  nuch  worka,  yM  Mw  < 
■tarap  or   lodltliliullly  thai   they   •leaan*  to  to 
widely  re«<l— .V  *■,  M*Auni  /numf,  Marvb,  t«a 

I    AHi*rl«aa  from  (lio  third  and  rwrlawd  t<M4M 
I   edition.    InoflolTO.  VOL,  p>p.  BSD.    OlOth, ! 


Lea  Brothers  4  Co.,  I'ltblisltars,  708.708  &7ia  &onvkm  Street.  Plutatitlfikta. 


J 


I 


ParrlJi's  Science  and  Art  ol  Obstetrics.— Second  Edition. 

The  Soienoe  and  Art  of  ObstetrioB.r.v  Tnt;..ijiii.r-.  I'akvln,  M-  I>., 
IiL.  D.,  Profenar  o(  ui-^tcuica  miii  (he  Diseases  of  W'oinsa  an'l  CbiMrvn  in  Jol]«n>oa 
Mnlicfll  College,  PhUndclpliia.  Second  edittoo  In  one  handsome  A\o.  rolumt  of  701 
|MLg«n,with3Sd«nf^vii]gsaiKt  n  culorwl  plate.    Clolb,  $4.'26;  l«mth«T,  ('i.2&. 

Th«Meoiiil»dUloB<i[thlRWi>rk  iRfDlly  uiiMlb*  I  MlioUr  »Dd  ft  muttnT.     Uw*]]r  In  tha  ruK*  of 

KaMit  ilftte  of  •d**araiDeat  of  th(^  ohatolHc  art.  ob<l««j1«  llWmtur*  can  b*  found  s  irark  trhfofa  b 
»  ftiiihcr  tiM  M^cf^ilcd  nsoMdlBcly  well  le  Meoinpi*hm4**  utd  ralconiMct  and  pncilMl. 
lst<ocporallDg  naw  inallBi  Bltboiit  Mip*r«iill;  In-  lo  lueb  raapaol  ll  iaaM«nti*llj  a  Utt  book  of  Iha 
er«MilnB  Id*  -\i^  "f  iti'  wnrk  nr  lnu>Tf*Hni  wltri  nr»l  mcrlL  Ths  lr««un*nl  at  itm  iiiit4*«tii  glTO  * 
Uir  (iDODthnpn*  ui>i  gtA<N>  cr  !<■  lilorKr;  oi>ii«(nii>  real  ralua  to  tb*  work  — ih*  [uJlvIdtallUa*  of  • 
Uon.  H»  (*  T«ry  t«ll<'lloii>  in  lii#  ilpMrlptluno  of  pnwtlc*J  Maetitr,  •  nkllfnl  ot»l«lrlelka,  *  «lo*a 
Mill dll ion t,  ui()  pfKiPi  hlmae-f  In  tlili  r«Bp«i;t  a  .  ihlokiT  aod  artpvaetiolw. — Jfcd.  JlaCjJan.  11, 'M. 


I 


I 


I 


Piaylalr's  Midwifery —Seventli  Edition. 

A  TreatiRo  on  the  Setence  and  Practice  of  Midwifery.  By  \\\  S. 
PuiYFAiK,  M.  !>.,  I*\  li,  C  r,,  Pfvfeawr  of  OlMli-lric  .MvtUcina  in  Kinit'"  C(>ll««e,  I^io- 
doD.  Fifth  Amerirmn,  from  Uie  scvonth  English  edition.  Edited,  vriili  uidUtonh  bj 
BoBBltT  P.  HiltRlB,  M.  D.  Iq  on«  hanilaomc  ocUtro  Tohuuc  of  6G-i  jm(^,  «ilh  207 
•iigniTingit  uid  5  pUt<«,    Cloth,  ¥4.00;  Inthvr,  |&00. 

Truljr  a  wondarfViI  bonk;  an  opliomo  nf  all  nb-  '  llrm  from  tha  laomviit  ol  <-onocplloa  to  the  lima 
■UMaal  1io«wladK*,  full,  clfAT  and  (wnctso.  Id  cf  «anip1«lo  inTQiuilon  bai>  tiacl  tka  uUior'i 
Ibtrtavn  jFCBii  it  lian  rcachad  •aTsn  edillon*.  Ii  palleat  atMntlon.  Tha  jiiata«  and  litualnllana, 
li  p*r!i»pii  thoniDiit  popBiArCorlt  at  Im  klnderer  caMftilir  Mniij lad.  will  Maeh  iha  iciBDca  of  rold- 
(irrKi-nted  ic  ih«  prowadom.  BeglDDln^  with  tba  wltarT.  Tba  raadaT  of  thin  IkkiV  will  Kitp  b-'fnia 
auaumy  and  pltrvlelaiTOf  ibaoriAMconoarncd,  him  ua  Tirr  lataRl  and  ban  cf  ob>Mtn«  pncilca, 
nolhlog  is  ten  ucirrluao  tliBi  (>ia  practical  tm-  nai  alio  of  all  tha  <>alncldenl  (ruubl«*  mnnaclM 
coaeliaar  (hould   knnn.     h    •armN   that   *nrv    UieTflwltb.— .SektA^m /Vuiidenn-,  Dae  UW. 

Coacelrabla   phj'.iloic'gical   or  paihclo^^cal  coDdf-  , 

King's  Manual  o!  Obstetrlcs.~Flftli  Edition. 

A  Mwiual  of  ObBletrios.  By  A.  ¥.  A.  Kixc*,>i.  P.. PrcifeMnir  uf  Obst«lrk* 
kud  I>iitciu<;«  of  Wiiinen  in  the  ^[(-(licAl  Ifejianment  of  the  Columbian  Universitv,  W'atili- 
inffton,  D.  C.  i»nd  in  the  University  of  V«rmi'tit,  etc.  New  (fifth)  edition.  In  one  IStno. 
volunif!  of  -Mti  {Mg«e,  vith  160  illiintrntionB.    Clotfa,  |^$0. 

SocoiiipratiaaidTaalreatUacouldiiotbabroughC  unnacaiaaTT  oTnamanlatlnn.  Therctort  «e  t»]f 
within  [^•  iimiu  of*  booli  of  thla  •]■«  ««ra  not ,  Uiaraar*  uiat.'  hiindft«t  pBiTa>>  «f  matiar  tiotwaan 
Iwo  Ihlog*  capaolalljr  Ita*.  Plrat,  Dr.  KluK  ia  a  tlia  oarvr*  "t  Ihla  nianiial  of  fear  hundred  and 
iMCbar  of  many  r«ar<'  cxMT<an«r,  and  fcnoirs  finypBv*a.  Wa  caonol  InticlDa  a  better  manual 
Joat  h<iw  to  pTa^anl  )il«  ailbfanta  In  a  matin  at  fur  tnr  tha  riA/d-ianrkail  Miidant;  wKite  Ita  ei««r  aoil 
UMD  l«  ba  haat  rac«tTedi  nod,  MKondlr.  he  ran  practlcaL  laachlnp  mak*  11  faraluAbla  lathebncr 
pot  bh  Idaa*  In  a  c1*«r  ami  >iniinlMi  iarta.  In  |>miilltloaar.  Tha  UlualraUoni  add  much  la  the 
Mb«f  worda,  li«  know*  heir  to  nna  tha  Ens  Hub  >ab)e(t  matMr.— n«  A'aCioMl  Jfidtoaf  Akkm, 
hDguaga.    ])■  ftiiaa  II*  ill*  piatn  [ri(i.l>,  fraa  from    Oolobar,  Utfl. 


Barnes'  System  o!  Obstetric  Medicine  and  Surgery. 

A  System  of  Obstetrio  Mediuine  and  Surgery.  Tlieorstioal  and 
Cllnioal.  hot  the  Student  and  the  Practitioner.  IJy  KonrnT  HAHNt^i,  >I.I>,,  Phrs- 
iciftn  to  [h*  fteneral  Lyinj;  in  ILo«pilal,  London,  uud  F.^Nr.nrKT  Haknw,  X.  I'.,  Otairlric 
Physician  to  St.  Thoma.'!'  Hoepital,  Tjondoii.  The  Action  on  Kmbiyolvgy  )>7  Prof.  Miloc* 
MuBbtU.  In  one  Bvo.  volunw  of  872  [ip.,  with  231  UlustraiionA.  Ulotn,  95;  lenther.  14. 
It  la  Dol  aa  Rian*ntlan  to  aay  af  iha  bnok  inai  |  readily  aocvaalbla  and  eoodai)*a<l  Ibrm,  ougbl  lo 
II  It  UiK  fc«-*t  ir*aili>«  in  iha  BnglUb  JanKUM*'  y*t    '^■r"  *•  ^PT  "t  tba  book.— Jwr«tJ  «f  tS*  JaMriMa 

tiiblEnhp-l     E(Pty  practKioaar  whodaaliMiohan    Affrfieat  A—oeimHon,  Juoa  IS,  UM. 
ba  t-r<l  nhfimrlral  opinions  of  tlia  tlma  in   a  I 


Landis  on  Labor  and  the  Lying-in  Period. 

The     Managoment    of    Labor,    and    of  the   I>ying>in     Period. 

By  Hknry  ff,  LaniiIis  A.  M.,  M.  I'.,  Profwsorof  OI»lQlrici(aiKl  the  Dinej.-**  of  Women 
in  h>tArlinK  ^tdirnl  (Vdlt^t,  l.Viliimlwui,  Ohio,  In  one  ba»l*ome  I2nio.  vfihime  of  331 
pajl^vH,  wiih  an  iUnstntitnu.    Clolh,  $1.75. 


LEtSHMAN^  SYSTEM  OF  MIUWIPeaT,  IX- 
Cl.rniNO  THE  ntHBASES  OP  PHHONAWPT 
AND  THE  PUEJtPE&JLL  STATE.  FaurUi  adt- 
tion.    Orlarn, 

PARRY   0>"   EXTRAUTERIXl!   PKEtiNANCV : 

Trfainienl.  uciiito.  -jth  pof «a-  Cloth,  ffa.W. 
R*MfimiTHAM*.1  I'HINnPI,E*ll  AM>  PBAC 
TICK  OP  OaSTETKlC  MEtMCl.NE  AND 
srB'iERY.  In  T'farpDc*  to  lh«  Prt>c*«ii  ol 
Partiirtllun.  A  oc»  and  enlnrKnd  rdltlon.  tbor- 
niigltiy  ffriU.i.l  by  llgo  Aillhor.  Wlih  HddltloDa 
by  w.  V.  KtiTinj.  M.  t>,Prffa»"or<ilOb«i»tr1e^ 
ate,  [Q  Iha  JalTaraon  Uadlcai  Collar*  of  PliHa- 
Mplila,     Id  ana  lufa  and  handaoma  imparial 


OotATo  Toluma  of  4MV  puM*.  with  «4  full  paifa 
lilataaand  t^  wnodcala  fi>  th«l«xl,ciM>lalalnc)a 
all  Dearly  iw  beuutUti)  flpuva.  BlrvDBty  bouod 
In  laallirr,  wllb  ralaoil  baiida,  IT. 

cei'RfHlLI,  OW  THE  PtIZRPBRAI.  FEVER 
AND  OTHER  DI8EA8B8  PBCULIAK  Tr>  WO- 
MEN.   lDona8T0.T0l.efM4MMa.  Cliith.t'i.M). 

TANNER  ON  PREONANCY.  (Iciaia.  ttO  pagaa, 
wloiwd  alMaii,  le '■uiii.    Cloth.  H  SI 

WINt'KEtS  OOMPt.ETK  THKHTIHE  O.S  THE 
I'ATeOLOUT  A.VD  TBEAT.MENT  OF  CBII.D- 
LtED.  PoiHtadeal*  aod  frarliLlonara.  Traix- 
latad  fr«in  th*  a»c«Dd  '•arman  edliluo,  by  J.  R. 
CiuowKK,  H.  D.   OcUTo  AM  |»g**-   Clelb.  KjUO. 


Lea  B/vtfi*fs  i  Co..  Publithara.  70S,  70S  A  7(0  Sai^aam  StrMt.  Ph't\a4^^V\V«. 


Smith  on  Children.— Seventh  Edition. 

A  Treatise   on    the    Diaeaaes    of  InlluiCT    and   ChUdhood.   6* 

J.  Lewia  S»itm,  M.  D..f'linic3UFrafeMor  of  DiMm^sof  (-'hilarcnin  the  BrlteTtisHo^pBl 
Medical  ('olli-K«,  Nen'  York.  N««  (teTenth)  edition,  thorraighl^  rcviwd  ami  rawnltn. 
Id  one  hsndfifline  ocIhto  toIuiuc  of  &81  papes,  with  51  illus.  Clotli,  f4.S0',  Iratbcr,  %ySb 
W«  1-.4T«  Blwayi  roaildered  Dr.  Smlth'a  book  u  |  1>    ■lukrii    LV'n*«rr*UT«  tad    llioroaf It,  wd  Mn 


oa«or  Uh  tarTMXOQlti*  KUi]«e(.  Ii  huiKwayo 
bMU  practinl— •  B«M  boob,  th«iir«llc*l  whom 
lh*orf  hw  bMB  d*dne*4  l^oa  praMlcjtl  vxperl- 
eii«c.  Hb  IkkiB  till  lh(WT7  Tix^ta  Ihi-  t«d>lda  Knd 
ih«  [<B(.rioloclc»l  iBbomwry.    TJin  ?»r7  pn^ellc*] 

rbkcftctFr  i>r  thl^  bonk  hu  kJi»ti  appealed  to  ni. 

li  t*  «hwm«l*rl»lc  «r  L>r,Hmlth  la  mtl  lili  wrlUnn 
to  OOJtect  «hal*T«rrec<iniiiiei)<laliaD*are  fimiul  In 
mtdlcaJ  litarauir*,  ud  h<*  nsrch  haa  bMn  vht*. 
OncMldain  (kilaloHad  her«»pr»ellaal  aucMitloit 
Mi\n  aaanh  Id  olb*r  «vrk«  baa  twan  la  Vain.  In 
tiM  •«t«nlh  MlilloD  wa  note  a  varlel*  of  fhangaa 
tn  «c««rdaiJ<i»  wltli  tha  l)f«fl«w«f  IM  Umaa.  It 
»tlll  niftnilii  CnrpRioat  aa  (ka  Amartcan  taiubook- 
Tbe  lltiruTiiirketiald  tiottw«xe*lla4,llsa<lTlea 


•Tldira'^B  of  raaeareh  b«*  IVDg  alaca  flmM  V» 
■ulliOT  la  the  fniel  rank  of  nadlaal  taadiaK— 
TMt  AmenMn  Jtrur^ml  of  tin  Vadiaat McaGA  tw. 

In  the  pr*Msl  odliloti  «a  naitca  ihac  Bn*  <i 
tlie  cliapierT<  liar*  bacB  asUtxtr  nwrtlMk.  ritt 
BOilM  n  takan  of  al)  tba  ravanl  adTBD«M  Oul 
ba»  b«ca  mada.  Many  dltaaaaa  not  pnvtMilr 
iwaWd  of  ha*a  raeat*a4  *p«elal  abaswn,  1W 
work  la  a  wry  pra<itl«aJ  osa.  EapMul  uia  hu 
b**ia  lakatt  Ibat  iba  dlrwHlani  for  IraMflMai  ihill 
ba  Tsrtloiilar  and  full.  In  na  Mh«r  «arb  an  twi 
MraAil  laaiructioH  glm  tn  Iba  4«uPa  ef  Mat 
hnlana  and  Ik*  arufidal  Kaadlnc  of  to&Ala.- 
ifoniraal  jr«AMt  JwnaJ,  Fab.  tMJ. 


i 


Herman's  First  Lines  in  llUdwUery. 

Finit  t.xnea  in  Midwifery:  a  Guide  to  Attendance  on  ITai 
Labor  for  Medical  Student*  and  Midwives.    Itv  i;.  EBSBfi  IIiikmak,  ? 
r.  lt.C.r..  Otntt-irkPlivkiuiaii  toibc  Loodoo  UtM|iIl«L    la  one  12iiio.  toIodm  vl 
pKe«B,  with  60  illHstratiAriA.    Cloth,  $1.26.    See  Ahufaif*  &ria  at  Mmwatt,  below. 

Thl>  la  a  IlttlB  1:«<'>L-,  lDiand«d  for  the  tnadl«*1  will  prara  vnliiabla  to  tha  ba^lnaar  In  mUwltoT 
•ladaai  ud  l^.a  rducatfid  mld>it«.  TTx  wofk  and  OMlId  Iw  rMd  wlUi  adrantaf a  bj  ib«  muodv 
]>  wrttMii  In  a  ptnia.  alnipla  dyla,  lod  la  u  of  pneUUotMriL  oM  and  rouas-— 7&«  JMmI 
intieb  a«  pofultla  dcTOld  of  t^fHuical  Uima.    It    Fvnrlmi^au,  Apifl  Ut  1V3.  

Owen  on  Snrglcal  Diseases  of  Children. 

Surgical  Diseases  of  Children.  Itv  KDMrxn  Owek,  M.R,  F.  B.C&, 
Burgcdo  lo  the  Children's  ILospitsl,  Uraat  Omjuad  :^l^eet>LoIHlon•  In  one  ISmo.  ni- 
onie  i>r  b-25  PH^  *it^  ^  ebromo-lithofrnpbic  pUtee  &iid  6&  woodcuts.  CloUl,  tliOft 
8ee  iScriu  o/^  CEwitco/  ifatmo/^  below. 

bonavtlT  rMonnandMl  to  boUi  amdaBla  and 
pracUilonara.  It  la  (nil  of  Munil  inftnuUca 
plaauntly  ^na^Amoti  <yr  OmrvtHh  Mv>  ML 


Ona  la  liniD*dlM«>r  ainuk  oa  rawUitc  thia  booK 
witb  Ito  aKTaaahte  atyl*  and  th*  atldenca  ll  a«an> 
wh«r«  P'r*a«BUertM  piaetleal  funUlarltyof  Ita 
antbot    wllh    hi*    anl>)KcL      Tha    liook    tatj   ba 


Student's  Series  of  Hannals. 


A  .-•ijai.  nf  f'if;«<>ii  MminiiL',  fur  tli trntodant*  and  Prac«lito«i«r«  of  Hadlcloa  and  Bar^Kj, 


wrltica  by  vmliifDi  Tmi^hera  or  Examincrk,  and  laauad  la  pa«kM-aU«lBB)ft.T«lumca  Of MD-HOHMb 

~ ladjr;   Lett'*  MvmatiJCSm' 


rli-hly  ll1u*t[aL«d  an.l  at  ■  luw  ntlDa.    T)ia  followlnsTnlnmaa  ara  mxr  raadjr;   Lur*'*  SiTuHMt 
^I'm.^i:  Unntsi  f'\-U  £>•««  in  ttiditifmy,  tlM;  TuvnC  JVamat  of  dbrfiirv^ vmIsw r 
Ihraa    TOJumai*,   par  aau  tr-;     Bell'i   OamparmtkM  Aiatoam  and    PfmtoLtg^  B;    Gacu'^ 
ZHamMu,  Hi  RoataTabH't  nvtiolovial  P^utitt,  Hi  Bavoi'a  MMvia  Midtt» ««<  3%an 
Hon}.  SLSO;    Povkk'* //Bmaa  nwMa«>(Ma(llUon),  t1.ee:    Cuaaa  and  Ixxxwoua'a 
MliSLU:  RauT*  Cfiwrai  CAoit'ctry,  it.n;  TuvW  Sxrpiaal  dMiMd  <laa(«a<ii.  IS;  Pwntm'9  SurfUtl 
r»iJi^n.tS:  nod  Klun'c  Amuhu  of  BiMtttugt  (4ih  adlttoc),  fl-l^     Tba  liillowltiB  l>  to 
n_^..c-f 1.  H..J.....     For  aaparafa  nollea*  aea  Indax  on  ln*l  pag*. 


NHM  (tth««' 


Series  of  Clinical  fflannals. 

In  arraDglng  (or  thi*  Mrtaa  M  hoafaaen  thadvalgn  <rflba|inbU«bair«topi9*(tlat)i*pra|aaalM 
nllMtlon  of  AiilhOTllaltiamoaOfrapluiiin  iin(«(iaat«lJnIcalaUb1oeta  In  actt*a|iau«  MfUbUI 
•  Tolumai   codIbId  aboac  bM  p«g«M  and  ara    traaljr  lllaatratad  by  ohrnnicflKbOKrafilia  and  « 


^^ 


«  oollMtlon 

Tba  .      _ .    _ 

cuta.  Tba  rollowlni;  rolumasara  now  ready:  Yeoih)  fWtci  HtnUh  and  />i«nvi^  V>':  RaoAponn  M 
tlie  iVM.tLTe:  Cjuim  ft  raon't  CipMAalnv  Skirjtfy,  tl.2fti  HcifitiKaov  oa  Sypkin*,  tttb;  MaJM 
on  Ibe  J<rinU,  9S.  Owu  Oo  Suryteai  Di*-iuM  aff^l^rwm,  tt;  Munaw  on  Rirptal  i><aM«H  »f  Ur 
Kidmmi.tLit;  Pica  on  IVnfMratanrfiMitcxaiCiMit, H;  Kvruvon  tba  7>Mv>>«.>l.<M)i  Tm*rm  i>n  httti*- 
uoJ  Ohilrvctivn,  K:  and  Bavaaaaa  tntwulyiuut  AUitS  StaroM».tZ.  TlM  rnllowlng  I*  In  prajonlliMU 
LccAii  OB  iMttiun  of  f*«  yr«(»"i».    For  aaparale  ao(lea»  awo  (odex  en  iwi  p«c*. 


kiooAaS 
lObBWriS^ 


Hartshorne's  Conspectus  of  the  Medical  Sciences. 

A  Conapoctua  of  the  Hedioal  ScienooA :  CoutAioing  HAndbonki  i 
0017,  PhjfiioloKy,  Chcmiatrj,  Materia  Medica,  Pnclice  of  Medicine,  tjargei?  and  Ol 
By  MBmiY  llAiiTBHORNE,  A.  M.,  M.  D.,  LL.  D.,  lately  Ppofe»or  of  Hygiene  In  tho  UbI- 
veraily  (if  I'ctinxvlvBuia.     Hetood   edition,  tharougbly  rCTined  nnd  grvatly  imptDT«d.     la 
one  large  roy^  l2mo.  vol.  of  1028  paces,  with  477  lUus.    Cloth,  H25 ;  lenther,  $&.O0. 

tX>JtDir8    PRAOTIOAL  TBBATWE~OJi'>M  I  ol0fi',8«Jri[ery.PTM'll«'of  >Iadlelna,i"ib«a*rtot 

DiaEASBBUFCBn.IlRBN.    Slalb  adMOB.  rr>  NaXarla    fladtik    rbemUlrr.    Pbamainr    ad 

TiMd  and  aD«B«Di«d.    lo  one  oeinto  telnme  of  Tbempeutlea.    To  which  ■•  addad  a  wadtaal 

Tnoaaa*.    (Tlolh,  It  ::.^ .  Inalhar,  |n.Sfi.                       ;  Ponnalary.     Rj  J.  I..  I.iriii.ja,  M.  O..CwnlltaS 

WfiSTOy  SOME  DlPORI'ERSOFTHESEBV.  pbvtMhn    »o   tba    PMUdalphb    Hovplui.  ale. 

OtSBYSTBH  IN  r.mUtHttOV.    looneaBtall  |  Tlilnl  odltloo,  tborouchly  r«rkM)d.  and  |MM1t 

Itrao.  Tolntna  of  I'iT  rum*.    Cioih,tt.oa                1  au)anf*d.    ta  ona  Uato.  vdama  of  tl<<  u 

Lt'DL'iWs  MAM  At,  of  SXAMINaTICNR.     t  nlth  ruilluattnllOBa.   (1oth,*LBilt*tber,l 
JIaaual  of  EiamloaUoDi  upon  Aoaiumy,  I'hfi-  . 


Lta  Brothart  A  Co..  Publrthiri.  706,  TOS  &  710  iaf\%am  Strttt.  PhfMtlfihm. 


Taylor's  Medical  Jorisprndence.— New  EdlUon.    Just  Ready. 

A  Manual  of  Medical  Jurisprudenoe.  \ij  Ai-iukd  S.  T.v\j.oit.M,  L>., 
LeclUKron  Mnl.  Jitri!i|<nii]eni't!  aiul  I  liemivlry  in  (ioy'it  llcip.,  LoodOD.  Xow  American 
from  tie  I2tli  EiiKtuh  edition.  Tliot-juslil''  revised  hy  Ci^rk  Ukt-u  Em,,  of  tho  New 
Vork  Bar.    In  i>nflocUTo  rolume  cif  7S7  pegee,  wilh  56  illus.    Cloth,  (4.50;  leather,  $9.60. 

ha|>*.  <:>»  »urMtat<>  lo  Iheir  ^llt(«t  •■l*nL— TA« 

SI.  Lo<"i  iitJifnl  and  Snrgttot  Jovnat,  D*C.,  IMl- 

7>iu!«r'ii  Kfrfirni  JHrtiprvJmtt  i»  aa  Old  •laKd- 

v4.  '^h'•T*  i»  no  o(h«r  irotk  npon  (ha  talijeet 


The  work  bcram  us.  which  h>i  bpoomv  a  i^laa.iic, 
ta  tti*  authnrlt<r  wMcli  Iim  bf*n  aiIopt«(l  In  ail  tti* 

BnstUh opokklni;  cimrtn  cf  jtiiillrc^.  anil  thin  tact 

la  ait«»ot«lv  10  tne^lr(URiiitanc«  thai  It  1h  *  pft- 
fbclly  r*lt»bla  guiilebatb  In  tbatnattar  of  nodical 
attd  laxal  aoihorttir.  Th*  latt  Eofllab  adliloa  baa 
bean  much  aoTlcheil  hy  tha  addltiona  nt  Dr.  BIct- 
anacD,  a  fvey  acuta  Uid  aaMurata  adilor.  Tha 
Amerkato  adilor,  Sir.  CIulc  ilell,  !■  pwullarlv 
fliwd  1^  tbta  taak,  and  ha  furitiar  araileJ  Itlmsalt 
of  tha  adtloa  not  oaljr  of  omlnsai  madlrnl  mro, 
but  •>fiLtiDKRaBlloDa  made  by  itjtl  rrkail)?.  All 
af  thaM  «lrcamatBii««*  hnra  cnmbicvl  la  luoh  > 
BkAnaaraa  lopannit  thapabtliihar?  to  piaaant  im 
vlth  a  work  which,  in  our  nplaloii,  !a  wllhmit  ;i 
~   Ms  Iha  Boxllah  languaca.    To  Iha  l*gU  pro- 


R 


which  baa  boon  mi  unEfortnlr  rHOfitlMa  or  aa 
vlclalv  quotwd  and  (tellowad  by  wart*  to  E»gla»4 
mud  thla  etyaalrj.  II  would  baro  b««n  ImMtalbt* 
to  aalael  aorona  In  thla  eotinifT  buttar  rfttad  for 
thstaik  orr«Tia)tin  than  Mr  tlpll.  I'roKtlof  by 
(ha  labor*  witn  vbloh  Dr.  AtaT(m>vu  ba«  anrlclied 
ttie  t>alnh  CngHBli  eilitloo.  h«  bw.  In  Ibl* 
akTantb  AmnrlCRD  ailltlaa,  ||1*pn  uaabook  fullv 
kbrvaal  with  tha  mntt  raeenl  IlioUKht  aad  Itnawl- 
eifia.    Ud  Ilia  baala  •>!  hlr  own  r«>«areata,  of  iba 

furpitljpUoiia  of  icIaDltila  (hruughoul  lb*  wntid, 

.  „ ^_      __  .._     aoLlof  t3)»d«el«l«ti«  o(  our  own  courta,  h«  haa  to* 

loa  Itlaof  taagrastail  rnlua.  mora  aapaclallf  MirtKirat«4  In  it  a  waalth  of  pTacllcal  •ucgaattoB 
ftr  tha  pnrpoaaa  of  croAt^eiamlnikiloo  and  the  aad  lcntru«iiTa  lUtuiraUen  whl«b  caaoM  fall  t« 
pi«p«mllaD  ofbriafa.  rVna  of  tha  ■iri>OK  points  of  alrangthen  th«  hold  It  haa  ao  long  had  iipoa  <h* 
lb*  book  [fl  lh#  numartiits  oUallona  whioh  abonnd  proftotdoa,— TA«  CWaiinoj  Ltne  JfaganM  and  Itt- 
tbrot]|;hoiil,  aad  whleh  none   bnt  a  lawjar,  pt-  <  porUr,  Jkauarjr,  intX 
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By  the  Samo  Author. 
Pofaona  in  Belation  to  Medical  Jurisprudoaco  and  Hedioine.    Third 
Aawrican.  Itoid  the  third  and  rcrisMl  lvD)(liah  eiJition.     In  one  larf>«  ocUtTO  Tolnme  of  788 
Wf-    Clotb,$5.50;  letilher.  16.50. 

Lea's  Saperstltioii  and  Force.— New  Edition.    Jnst  Ready. 

Siiperstition  and  Force:  Bssays  on  The  Wager  of  Law,  The 
Wager  of  Battle,  The  Ordeal  and  Torture.  K»  Hk\rv  L'HARt.ra  Le.\. 
LL.  I:.  New  ('lih)  editloD,  tvviaed  and  euIarKed.     Ko^al  12iiio.,  liZ9  |>ag««.    Cloth,  92.75. 


Both  abroad  and  ai  honna  tb«  work  hiu  b#«n 
■Mwptad  n«  a  ilanilard  niilhorlty,  aiiit  Iha  anther 
baa  frDiicuTored  by  a  i?orapI«l*  reilBioa  aod  >-i>u* 
flldaratila  nddlilom  to  ntudar  it  mor*  woitli/ t^f 
tha  unlia'iil  (iTor  whloh  ha*  ouriad  It  to  a 
(kxirlb  adltloQ.  The  «tyla  la  mrtn  and  nlinplv. 
and  yal  dallgtila  with  Ita  alMaDi!*  and  raasrvcd 
■ftVOfUi.  Tnc  known  vnidlilon  and  ritl«t[tx  cf 
tttaaatborBra  niaiJaTcf*  thai  nil  imiilbla  oHul. 

afti  aoirnva  of^laforiniiilon  nav*  b««a  nut  onlT 

^^^Dtnullad  bnt  aihaiiatcd.    Tha  auhjact  nwtt«r  1* 
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■^    The 
^Mhleh 

^^-aa  On 


handlad  I'D  taeh  aa  abin  and  phttoaoptilc  teaii- 
nar  that  (■>  raad  and  mudy  It  :1a  a  iitap  toward 
llb«nLl  Adii'SiUloo.  11  U  a  carafort  to  raud  a  bo«k 
that  !■  o  thoroiiKb,  wall  conoair^  and  w*ll  dona. 
We  (hnutd  lika  t«  aaa  It  mad*  a  tazMwok  la  our 
law  schools  and  pTtaorllMd  ooutM  fftr  wlBttaitoa 
la  thr  bur.— £490!  lattlUgntrr,  March  S,  14M. 

A  work  aa  ramarkabi*  for  iba  w«UU)  o[  hiatort- 
ul  malarial  traatod  aa  far  Iha  tnaatarljt  alyla  of 
tha  axpoaltlon.— £«ndoi>  Satitrd*g  £Rt«w.  Fab.  25, 
IBM. 


Br  the  same  Author. 
Chapters  from  the  Roligioiu  History  of  Spain.— [ti  oba  I2bo.  toIubm 
522  jjagra.     Ctotli   f2..'A 

that  It  vorlhily  aomplemonla  tha  aiiihnr'a  rarlUr 
■ludl«B  lu  ec(^l«^<>iaaltc«1  hiatonr.  His  *il«n-ilre 
and  inltiuia  laarQltif,  tnuob  of  1<  from  liiWliad 
niaDuscrlpta  lu  Meili^o,  appean  on  aver;  pace. — 
ioortini  Alllquoty,  Jan.  UM. 


The  width,  depth  and  ihorcughnoa*  of  raii-mreh 

lleh  bar*  (utravd  Tr.  Lea  a  hlitb  Enr<iptmn  placa 

^-aa  tha  ablvil  hlitorlan   Ihv   In<ii]lallloa   ha>  yat 

jf  that 


rKii 
Ibnn  J  aro  here  aiipllrd  to  «ouitt  9id»-lntiiieti  o 
great  anbJtcL    Wa  have  onlyloiay  oftbla  rulutna 
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By  the  same  Author. 
The  Formulary  of  the  Papal  Penitentiary, 
with  m  froatitpieoe.     Cloth,  ^'2.3*^.     Ju*l  Hendy. 


In  oDfl  8to.  Toliime  gf  221 


By  the  Same  Author. 
Studies  in  Church  History.    The  Rise  of  tLe  Temporal  Power— Ben- 

»eflt  of  Clergy— Excommunication— Thf3  Early  Church  and  Slavery.    Sec- 
ond anrt  reTiMdenUiion.     In  une  mjal  octnvo  toUiiu«  of  (K)5  pagea.    Cloth,  {S.oU. 


Tba  autbor  la  vr«dtnliiaiiUy  a  leholar;  h«  Mba* 
up  a*ary  loplu  alilttl  wilh  (ho  Ivaitlni  ihcmi'  and 
ttmeaa  II  out  to  Iba  mIeiiteM  detail  with  a  veallb 
of  knowladga  and  linparllalllr  uf  Irrnimriit  iliat 
eetnpal  adralratltiii.  Tha  atncunt  ot  ipjCoTinaiicti 
oempiaaaad  Jalo  lb«  book  In  vitranrdin  ity,  «ud 
tba  profCiaa  citation  «(  atiiborltia*  uad  rcrcr«ni:*K 


makaalho  work  partleiitarl]r*ali]abl«  til  til*  auidaol 
whii  daalraa  an  •ihADillte  rcriew  from  orli^nal 
■ouroaa.  Inaooibar*lnicte*olonialath«d«*alo^ 
loant  orihe  prtiiilllTachnrchlmoed  wUhaomncIi 
«leame«a  and  with  *o  d#flcilia  a  pamaptlon  of 
ccRiplox  or  cnivlllctlog  forc*».— ifo»(»n   Tmnltv. 


t\  By  the  Same  Author. 

An  Historioal  Sketch  of  Sacerdotal  Celibacy  in  the 
Church.  StN»nd  vditian,  enlarged.  In  one  ocIbto  volum*  of  9S&  piffw- 
1  iit>  nutjacl  haiir«aaiitlrb*aa  traaUtd  with  rary 
great  1'ariiliis  and  with  aamlrabla  impartiality  by 
an  Anneriiraa  author.  Mr.  Uannr  C.  L*a,  in  hl>  Hu-  t^i<—i  Wii^mu 
lory  ef  S^nniclnS  Oilibm,  whMh  la  certainly  oao 
a<Uia  iDoal  raliiabia  «->rha  thai  Am«di;<«  ha*  pro- 
Aiead.  81aee  iha  neat  blatory  of  Uaan  MilDaaa, 
t  know  DO  work    Id  Engllab   whlrb   haa  Ittrown 


Christian 
Cloth,  HM. 


kft*K  and  O'.'aa  wblcb  la  motw  flitad  to  diacal  iha 
Kr<»>i  liluki'iiin  riMioarologihat  parted  wblcn  poal- 
tlrc  wrltam  and  wrltara  of  a  ceHaln  aootaalaailca) 


■ehiMt  baie  conaplrMl  to  aiiataln.— £4iU^i  Biit^y 
if  .Burojtaan  Jfuroft,  Chap.  V. 


L»a  Brvth0r*  1  Co.,  Publith9n,  708,  70S  A  7tQ  Sansom  StrMt.  PKd(ta«\vhVa.. 
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vibboit'*  DftcUrtDkcr  .... 

AIIM'*  ABMoniy  .... 

jtmMicftn  Jouni*!  af  tM  lf<rf!(al  ileiRiem 

Amwicao  BniMD  of  PraeUoU  Iib(UoUi« . 

AowflaD  AraMca  ttf  DenUMiT 

A>tihnr*l'«  («<ircrn' 

.lltmlloD  Dint—  ot  Wound 

Aua*u*iCtMml«fy     .... 

Bulo^  AhUo*  orTMMBdn* 

Bwn^  «r«cn  of  OtMUtrte  HcdliAM 

liMllioloiran  rtiolcra 

UAithalowon  El«rttldi>- 

Bmuub  on  Ranal  [>I»wim    . 

Bwil**  Oomvanil  v»  ABBtoU)' unl  Pliyslalccr 

B#llaniy'»  •^tifkimI  AlWlolBr 

Berty  on  lll^  Krfl  -  .  .  . 

K1IIIi](i<'  NKil'inal  Mrdlcst  MoHanmrj     . 

lllkui]ri>rit  uii  Inuuill* 

ni.>rai],'a<tiaiiilstiT       .... 

BduuicoFrHMiwof  UcdJMM     . 
BKAtlbcnt  on  tiic  IMIm 
Browcnoii  Xrybi  Itemed^  . 
BrownFOii  lli«  Thmal,  K«>*i>dKal 
Bnuw'a  MniAiia,  KoiUi*  Kiid  'niMvpmtlw 
Brniiloii'i  UaliLrIk  MfdIckMiil  TlMrmpraiia 
Bmai'i  I>Mctlc«  otKuntary 
BomatMut  And  Tkylor  oa  Vpi 
Biimrti  ou  Ui«  1^ 
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B^lIIlD  (111  1Il»Ttllurli>>     .  ,  ,  . 

(•nx-nK't  LiaIti»C»ADd  AbflMOrAlflOtUll 
ilprit  ManiAD  I'lijtilalwr 
A  PrnHfanjiblhalmlcRoiTerT 
—ton  DIM  •nn  lUaliiiaii 

.  — ^_._  ..j'»  Hnuuui  nii'uaiair 

i-hal-lm-  l^iytlDlOKlcKl  M4  rMliel««l«l  CbVBL 

cii«rchlli  4D  Puemnl  F*T«r 

ClUkenud  Lochwoud'a  raBWCton'  Uftuul 

nai*Mu'ii4iiuiiliaLlvaAnBJF>l> 

n«>at>rl'iniBHtor         .... 

<.'EO<»Ilfll  (lU  ItOKIlItT'     .... 

C'luwvB' PiMtcicklCbuaiiUT 

OoitU' PMliolon  .... 

Colmi*!  Aui>II*d  Tltpiniarnlli:! 

OMSmAn'i  I>aDUI  Dnw^Ty 

Cnuillvoii  IilaMMsvfrbnurMi 

Corull  vQ  Mrplililn  .... 

I'uUvrler  ft  IlaiiistMMl  ou  VoubkaI 

t'ulvci  A  Haxb^i  nn  Vrnrnat  I 

OMlon  on  tlim  CbvnlKllaiii 

UutioD'a  Himdmi  Pliy^lecr 

iMvitnppn  am  Mmho  ot  wet 

OKWCIlnkkl  L«(7tiu«« 

DrkpeTB  UMlml  Ptinlnt 

prulll'*  Uu>l«ra  ^Kircn-T 

Dnncaji  on  Plimm  of  Vtomta 

DgamnM»-»  Mvikmt  tMcUoour 

■mT  HutMa  Hidie*  ud  TbinvMiUa 

Khok  UaMMAof  W0IU4II   . 

BwT  l1«mnntfLloni  of  AHilarar 

KrtufciiB'i  feSim  otBoimfT 
fMadijinAii*a  TlmiiMitiai  aMI  MftL  HeA. 

ri'-ld'*  Muiiwl  ofbUnara  of  tlis^ir 
PIIdi  on  AoaculUttion  Bnit  P*nin«ta> 
PiiBiun  riithWi  .      •. 

riiBi  oa  BHMr«i«rj-Oi0iii* 

rl!al'!K?ti^*rrfH«dMM  ' 
rolMu)-*  ■.■»  nf  V.  B.  «D  CUttodgr  «r  ] 
nM«ra  PtirttQhwy       .... 
rHDCr^U'"  Handbook  oriVMtUBM* 

FoWM*^  nMntuun'  CIi«ibMit 
Fac«D  DbMUMof  Ui»8kla  . 
rraaktetMi  uid  Jfttv'*  loorsMiteCkMiliUT 
ralMron  uit  Lsi^aad  ASiPtmtim    . 
Outl  MMenrottiHHnr 

Qnr  uaNMvoinHiiilllcnulINaBan*     . 
QrKr^ABMMT 

OntiWtMMkkl  OianMrr  ■ 
grM^^l  I%Ui«l««r  and  HoiUd  Aiulaatjr 
QmM««  tmpotwicwuid  SMriUIr    . 
OfUMM)  Vrnmrr  Oivub 

Hkbwvtionork  ib«AHoB«ai 
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MOiitlMi  on  N«imKn  P 
iBMBway  op  UwSkiD 


naruboiD*^  Avumd/  wi4  PhnMap  . 
BkrubaTMi's  (^aoannai  or  iM  al«d.  iid<Mn» 

Huuk<Mm-«»iR«iilMir«r" 

*■•  Km  LlnM  Id  ' 


„„ EoiaictaDlMMM 

Bim  *  intnoloM  Huiuka  XaaflraaUka 

odvc  a«  WookMi 
BnfflMoa  aad  Paw««'*  CbM>ta»l  AMdnt* 
Mb  lift  t^aa—rta   .... 

d**  M«dhs>  KOM  Md  ftaOMdOM 

[«ad  FtBreUM «  SotswT 
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&a»dbiM> 

ta  Rcrliaoii  PiiMOlDnala.  kfalKrt^ 
ta  Koplwon  VMlrw  Kc'nr    . 

lAnranc* and  M""'-  -  ■ -'--to 

tawMB  on  Ibc  1  >  *iH 

trf»'"Cni«pl«r-  -  iiufjr 

I'ra'*  PotntDlHi  -  iltHiiBfj' 

I*o*»  (tawrdutol  CvJIiw  ;    ' 
L«a'aH(iMMwlaCtrafvb  Innorr 
Lta'i  SuMoUtlOD  AM  Corcc 
L«e  ou  E^blltt   . 

LrtiouuD'iChmtcalPiijalotacT    . 
Lidkbiuui-N  MMnlfMr  ^^       , 

Ltiou  uti  l)l»ta»p^  of  ihi-  L'rvifarm  . 
Lnrtlflw'*  M«r<  :  11*000* 

LatT'i  Unoiui 

{.yuuia's  PiM'-i  <  iiM 

laofmoaTwfot  . 

MMM)b«OrvinlolI>Uiri*X«dlc»  . 
lUnb  on  ib«  JoInU 
Iter  oalMaMaaa  of  Woman    . 
MoiltMa  Xpitn      .... 
Mnltoal  Stii*  I'hyiicUiu'  T.xtcM  . 
Ma>IlcaIXi><i(Vtal!li>«  Lbl    . 
Ulllcr'aPrKcticflotSuncatT    . 
Milicr'a  PiiactplMorwincMT 
'  UorrU  on  Xttitmtm  of  Hi*  Klilnvj-  . 
M<HBrr'B  MkUcbI  OIbcikmIii  . 
National  Dtrnvntatory 
Nallonai  M«dlaftl  Dleilooarr 
NolllMtilp  on  UaMMB  of  Iha  Br*  . 
Morrli  •nil  riiivM  oii  tha  Rt« 
OwMOD  Iiimtwaur  Childraa 
Partial)'*  PiacUral  Pliatmacjr  . 

Pam>  OD  Kxtra-L'wrUM  "tgtfclWT 

ravr  on  Unation  and  lU  DUonStn 

Ps>iLi.»(ii-n»™l  Palboloay    . 

!■'■  n.ko  UaHleOMi   . 

I'  .  nJ  l*»inijJiiBy 

■'  I  uiorid^dlcTM 

Pi[->  or,  Irjirtiireaaud  Iniilacatloina 

PlrrlD'uHjiittiii  of  HuriMT    - 

P'aylklr  ou  Ncnw  ProauatloD  and  Rnurta  ' 

Pl>V(kIt'l>M!<l<rlfl|>T7      . 
Polllfriron  Iho  i:i>r 

RiraTa  lluinati  PliyikJacr  , 
rilvoci  JttiKtii-»nii.*BaaaBdAllledA1 
Py-Snilll,  mi  Ibe  Hda 
Qiili  Srriis  .... 

KauVa  Clinical  caiaaMff 
RaoislKMbaw  00  Fututiaoa 
Remaeu'a  Tbeotrtlcal  riiMiilaUy    , 
Rfyoulda'  antsD  of  UvdhHna 
lUclwTibouS  PnvBBUro  SladUno 
RniWTuoo  Urtnan  DiMaM* 
Kob*n*'  cotniMMf  «r  AMumr 
RoMtU'  Bunco 

RolNctaaii-anjriM(«l«l  Ptirala 
HoaaonSwTowlHMiMl      . 
Baranoa  iMMtU*.  mdadlu  IL]  _ 
tMUlkra  IteMtMaor  HMMocr. 
Bi-ti<>flH'l'«  Ftiiikilocr 
Bchn4h«r  on  miiM|ni   . 
tMiM  on  the  Throai.  Hvaa  and  JCaao-l 
H-mii'a  9"U]Ei(«l  BMtcflolOfv 
K«ru«orciIu)cal  MMnMl*     . 
8laK>a'i  Uannal  of  OiMnbtiT 
Slad*anDlpMb»rU      .  .  .  , 

^" 1  "'-'-Ti  n '  "I  rrrwimnlTiB    , 

smiui  <  J.  Lv<rii)  oa  CUMrw 

tduuaa  UpMaiira  Bntt«T  .         t 

mm*  oil  CholMa 

SHIM  A  Mabcli'a  Nalloaal  MuiOdaaun 

'^iliw'a  Tli<Ta<*ollca aad  Maj«ria Ma-B&a 

HUnivia  on  Fracttirw  awl  FlitirMtlow 

titlnuon'i  liptMtlTW  HMIKWI  . 

»>I».lrii;»-Uiili!«FTko     .... 

■JtaiirDiB' SHiaaof  Manaala  .  . 

KUrcW  UlataKl  KMIlcInc     .... 

Tuflor'a  A  Uaa  of  Tavcnal  aad  akia  tUmamm 
Tarle^on  PumiM 

TBriMAD  vtjwraail 

IVylor  B  Mt^loal  JattapndaDc*     . 
Tbomaaik  UoiutBoci  fMwaaaBof  Va 
•nuMUBiu  OB  Mrtctura 

Tttgoji  JUMt  Mb  y  la         . 

TmT  on  Im— Tnam&'an'ini    I 
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Tra**-! 

Trarca'  (mmat)  ApMlad  ABiiawg 
Tak* on  tbt  InBownannaS OolM I 
X'anchan  A  Xo<r]r*B  PwalaM  ntf  l 
VHMbu  LM.  TIM  U«4lml  ^cw* 
WI^OnllMBMn    . 

wtMM'B  Paolcft  or  n>nM . 
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